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PROBE COM POSITION AND METHOn 

1 - Field of the Tnvpntinn 

The present invention relates to a probe 
composition, and to methods of using the composition 
for detecting selected sequences in a target 
polynucleotide. 
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3 - gacfqrotffltl of th, T n ..„ rt<nn 

avai la \r r i ety ° f hybridi -«°" techniques are 
available for detecting the presence of one or more 
selected polynucleotide se^ences in a sample 
=onta lnlng a large number of sequence regions ln a 
« -rnple method, „bich relies on fragment capture and 
labeling, a fragment containing a selected segued 
captured by hybridizan * 5uence 

The captured Lament 1X "° bLli *°* P«be. 

pturea fragment can be labeled by hybridization 
to a second probe which contains . 
3 ° reporter moiety. 

in ^T^tl " idely nSth0d is S ° uth *™ blotting. 

IT ' a BiXtUre ° f DNA - a 

f ixed on" n fr r i0nate<i electrophoresis, then 

xij/cer with one or norp i a u a i Aj 

1 more labeled probes under 
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hybridization conditions, the presence of bands 
containing the probe sequence can be identified. The 
method is especially useful for identifying fragments 
m a restriction-enzyme DNA digest which contain a 
5 given probe sequence, and for analyzing restriction- 
fragment length polymorphisms (RFLPs) . 

Another approach to detecting the presence of a 
given sequence or sequences in a polynucleotide 
sample involves selective amplification of the 
10 sequence(s) by polymerase chain reaction (Mullis, 
Saiki) . In this method, primers complementary to 
opposite end portions of the selected sequence (s) are 
used to promote, in conjunction with thermal cycling 
successive rounds of primer-initiated replication. 
15 The amplified sequence may be readily identified by a 
variety of techniques. This approach is particularly 
useful for detecting the presence of low-copy 
sequences in a polynucleotide-containing sample, 
e.g., for detecting pathogen sequences in a body- 
20 fluid sample. 

More recently, methods of identifying known 
target sequences by probe ligation methods have been 
reported (Wu, Whiteley, Landegren, Winn-Deen) . in 
one approach, known as oligonucleotide ligation assay 
(OLA) , two probes or probe elements which span a 
target region of interest are hybridized with the 
target region. Where the probe elements match 
(basepair with) adjacent target bases at the 
confronting ends of the probe elements, the two 
elements can be joined by ligation, e.g., by 
treatment with ligase. The ligated probe element is 
then assayed, evidencing the presence of the target 
sequence. 
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In a modification of this approach, the ligated 
probe elements act as a template for a pair of 
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complementary probe elements, with continued cycles 
of denaturation, reannealing and ligation in the 
presence of the two complementary pairs of probe 
elements, the target sequence is amplified 
geometrically, allowing very small amounts of target 
sequence to be detected and/or amplified. This 
approach is also referred to as Ligase Chain Reaction 

(L»CR) . 

There is a growing need, e.g., in the field of 
• genetic screening, for methods useful in detecting 
the presence or absence of each of a large number of 
sequences in a target polynucleotide. For example 
as many as 150 different mutations have been 
associated with cystic fibrosis, m screening for 
genetic predisposition to this disease, it is optimal 
to test all of the possible different gene sequence 
mutations in the subject's genomic DNA, in order to 
make a positive identification of a "cystic 
fibrosis". Ideally, one would like to test for the 
presence or absence of all of the possible mutation 
sites in a single assay. 

These prior-art methods described above are not 
readily adaptable for use in detecting multiple 
selected sequences in a convenient, automated single- 
assay format, it is therefore desirable to provide a 
rapid, single-assay format for detecting the presence 
or absence of multiple selected sequences in a 
polynucleotide sample. 

In another technical area, attempts to increase 
the throughput and degree of automation in DNA 
sequencing has led to the development of sequencing 
approaches making use of capillary electrophoresis, 
e.g. Huang et al, Anal. Chem. , Vol. 64, pgs. 
2149-2154 (1992); Swerdlow et al, Nucleic Acids 
Research, Vol. 18, pg S . 1415-1419 (1990), and the 
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like. A major impediment to the widespread 
application of these approaches is the requirement 
that gels be used in the separation medium of the 
capillaries, it is still very time consuming and 
5 difficult to load and/ or form gels in the capillaries 
that have sufficiently uniform quality for reliable 
and convenient sequencing. High speed DNA sequencing 
for either diagnostic applications or for genomic 
analysis would make a major advance if means were 
10 available that permitted differently sized 

polynucleotides to be separated electrophoretically 
in a non-sieving liquid medium which could be readily 
loaded into capillaries without the time and quality 
control problems associated with gel separation 
15 media. 

4 « Summary of the T n vent ion 

The invention is directed to a general method 
for altering the ratio of charge/translational 
frictional drag of binding polymers so that the 
binding polymers, which otherwise would have 
substantially identical ratios of 
charge/translational frictional drag, can be 
separated electrophoretically in a non-sieving liquid 
medium. Usually the binding polymers are 
polynucleotides or analogs thereof. Preferably, the 
charge/translational frictional drag of a binding 
polymer is altered by attaching to the binding 
polymer a polymer chain which has a different 
charge/translational frictional drag than that of the 
binding polymer, m accordance with the invention, 
different classes of identically-sized binding 
polymers can be separated by attaching different 
polymer chains to the binding polymers of each class 
so that the resulting conjugates of each class have a 
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unique ratio of charge/translational frictional drag. 
Conversely, different-sized binding polymers may be 
separated electrophoretically in a non-sieving liquid 
medium by attaching substantially identical polymer 
chains to each size class of binding polymer so that 
the resultant conjugates of each class have a unique 
ratio of charge/translational frictional drag in the 
non-sieving liquid medium. The latter embodiment is 
particularly applicable to DNA sequencing. 

The present invention includes, in one aspect, a 
method of distinguishing different-sequence 
polynucleotides electrophoretically in a non-sieving 
medium, in practicing the method, there are formed 
one or more different-sequence polynucleotide (s) 
which contain (i) a detectable reporter label and 
(ii) an attached polymer chain which imparts to each 
different-sequence polynucleotide, a distinctive 
ratio of charge/translational frictional drag. The 
different-sequence polynucleotides which are formed 
are fractionated by capillary electrophoresis in a 
non-sieving matrix and detected according to their 
observed electrophoretic migration rates. 

The polymer chain used in the method may be a 
substantially uncharged, water-soluble chain, such as 
a chain composed of polyethylene oxide (PEO) units or 
a polypeptide chain, where the chains attached to 
different-sequence binding polymers have different 
numbers of polymer units. Also included are polymers 
composed of units of multiple subunits linked by 
charged or uncharged linking groups. 

In one general embodiment, the method is used 
for carrying out nucleic acid sequencing, wherein 
mixtures of labeled polynucleotides having a common 
5 '-end are separated electrophoretically by size. 
Preferably, identical polymer chains are combined 
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with the labeled polynucleotides to form conjugates 
which are then separated by capillary 
electrophoresis. As described more fully below, 
compositions related to this embodiment include 
5 primers with attached polymer chains. in one 

embodiment, the polynucleotides terminate at their 
3 '-ends with dideoxynucleotides that are covalently 
labeled with spectrally resolvable dyes, allowing the 
3 '-terminal nucleotide of each polynucleotide to be 
10 distinguished. 

In a second general embodiment, the method is 
used for detecting one or more target sequences in a 
sample. In practicing the method, one or more 
sequence-specific probes are added to a target 
polynucleotide, each probe having first and second 
probe oligonucleotides which are effective to bind to 
adjacent regions in a target sequence in the target 
polynucleotide. One of the first and second probe 
oligonucleotides is derivatized with the polymer 
chain. The probe (s) are reacted with the target 
polynucleotide under conditions effective to bind the 
first and second oligonucleotides in each probe to 
their specific target sequences. First and second 
oligonucleotides which are bound to the target 
polynucleotide are then ligated under conditions 
effective to ligate the end subunits of the 
oligonucleotides when their end subunits are base- 
paired with adjacent target bases. The ligated 
probe (s) so formed are then released from the target 
polynucleotide, for subsequent electrophoretic 
separation and detection. 

In a preferred embodiment, the polymer chain is 
attached covalently to the first probe 
oligonucleotide of each probe, and each second probe 
35 oligonucleotide is reporter-labeled. 
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In a second preferred embodiment, the ligated 
probe (s) are amplified by repeated cycles of probe 
binding and ligation. The ligated probe (s) may be 
amplified linearly by repeated binding and ligation 
of unligated probe to the target sequence. 
Alternatively, the ligated probe (s) may be amplified 
exponentially, by repeated cycles of probe binding 
and ligation in the presence of a second pair of 
first and second probe oligonucleotides which, 
together, make up a sequence that is complementary to 
the selected ligated probe. 

In another embodiment, the second 
oligonucleotide in each probe includes two 
alternative-sequence oligonucleotides which (i) are 
15 complementary to alternative sequences in the same 

portion of an associated target sequence and (ii) are 
derivatized with different detectable reporters. 
This method allows the mutation state of the target 
sequence to be determined according to (a) a 
20 signature electrophoretic migration rate of each 
probe, which identifies the target sequence 
associated with that probe, and (b) a signature 
reporter moiety, which identifies the mutation state 
of that target sequence. 
25 In a third general embodiment, the method is 

directed to detecting one or more target sequences in 
a sample. In the method, one or more sequence- 
specific probes are added to a target polynucleotide, 
each probe having first and second sequence-specific 
30 primer oligonucleotides which are effective to 

hybridize with opposite end regions of complementary 
strands of a target polynucleotide segment, 
respectively. The first primer oligonucleotide in 
each probe is derivatized with a probe-specific 
35 polymer chain. The probe (s) are reacted with the 



target polynucleotide under conditions effective to 
bind both primer oligonucleotides to the target 
polynucleotide, and target segment (s) in the target 
polynucleotide are amplified by primer-initiated 
polymerase chain reaction. The presence of selected 
sequences in the target polynucleotide can then be 
determined by electrophoretic separation and 
detection of the amplified sequences. 

In one embodiment, each second primer 
oligonucleotide is reporter-labeled, and the 
different-sequence polynucleotide (s) which are 
electrophoretically separated and detected are double 
stranded. 

Amplification may be carried out in the presence 
of reporter-labeled nucleoside triphosphates, for 
purposes of reporter labeling the amplified 
sequences. Alternatively, the amplified target 
sequences may be labeled, in single-stranded form, by 
hybridization with one or more reporter-labeled, 
sequence-specific probes, or in double-stranded form 
by covalent or non-covalent attachment of a reporter, 
such as ethidium bromide. 

In a fourth general embodiment, for detecting 
the presence of one or more target sequences in a 
sample, one or more sequence-specific probes are 
added to a target polynucleotide, wherein each probe 
contains a first single-stranded DNA segment, and a 
second segment which includes single-stranded RNA. 
In one embodiment, the polymer chain is attached to 
the first segment, and the detectable reporter label 
is attached to the second segment. After the 
probe (s) are reacted with the target polynucleotide 
under conditions effective to bind the first and 
second segments to their specific target sequences, 
the hybridized probes are reacted with an RNase 
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enzyme specific for RNA/DNA substrate, to form 
modified, labeled probe (s) lacking the polymer chain. 
The probes are then released from the target 
polynucleotide for electrophoretic separation. 

in a second embodiment, -the polymer chain and 
reporter label are attached to the first segment in 
each probe, and reaction of hybridized probe with the 
RNase enzyme produces modified, labeled probe which 
lacks the second segment. 

In another embodiment which uses enzymatic 
cleavage, the polymer chain and reporter label can be 
attached to a base adjacent the 5 -end of the first 
segment of each probe, and hybridized probe is 
treated to enzymatically cleave the labeled base from 
probe, to form a labeled probe having a distinctive 
charge/translational frictional drag. 

In a fifth general embodiment, for detecting one 
or more target sequences in a sample, a target 
polynucleotide is immobilized on a solid support. 

In one embodiment, one or more different- 
sequence probes are reacted with target 
polynucleotide, where each probe contains (i) a 
detectable reporter label and (ii) an attached 
polymer chain which imparts to each different- 
sequence probe a distinctive ratio of 
charge/ translational frictional drag. The target 
polynucleotide may be immobilized on the solid 
support before or after reaction with the probe (s). 
After the immobilized target polynucleotide is washed 
to remove non-specif ically bound probe, the target 
polynucleotide is denatured to release probe (s) 
hybridized to the target polynucleotide. The 
released probe (s) are then electrophoret ically 
separated and detected. Preferably, the probes have 
substantially the same length. 
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Also forming part of the invention is a probe 
composition for use in detecting one or more of a 
plurality of different sequences in a target 
polynucleotide. The composition includes a plurality 
5 of sequence-specific probes, each characterized by 
(a) a binding polymer having a probe-specific 
sequence of subunits designed for base-specific 
binding of the polymer to one of the target 
sequences, under selected binding conditions, and (b) 
10 attached to the binding polymer, a polymer chain 
having a ratio of charge/translational frictional 
drag which is different from that of the binding 
polymer. 

In one embodiment, each sequence specific probe 
further includes a second binding polymer, where the 
first-mentioned and second binding polymers in a 
sequence-specific probe are effective to bind in a 
base-specific manner to adjacent and contiguous 
regions of a selected target sequence, allowing 
ligation of the two binding polymers when bound to 
the target sequence in a sequence-specific manner. 
The second binding polymer preferably includes a 
detectable label, and the polymer chain attached to 
the first binding polymer imparts to each ligated 
25 probe pair, a distinctive combined ratio of 
charge/translational frictional drag. 

In another embodiment, each sequence-specific 
probe in the composition further includes a second 
binding polymer, where the first-mentioned and second 
binding polymers in a sequence-specific probe are 
effective to bind in a base-specific manner to 
opposite end regions of opposite strands of a 
selected duplex target sequence, allowing primer 
initiated polymerization of the target region in each 
35 strand. The second binding polymer preferably 
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includes a detectable label, and the polymer chain 
attached to the first binding polymer imparts to each 
ligated probe pair, a distinctive combined ratio of 
charge/translational frictional drag. 

In another embodiment, each sequence-specific 
probe includes a binding polymer, a polymer chain 
attached to the binding polymer, and a reporter 
attached to the binding polymer. 

These and other objects and features of the 
invention will become more fully apparent when the 
following detailed description of the invention is 
read in conjunction with the accompanying drawings. 

Brief Description of the Drauing g 
15 Figures 1A-1D illustrate three general types of 

probes and probe elements used in practicing various 
embodiments of the method of the invention; 

Figure 2 illustrates methods of synthesis of 
polyethylene oxide polymer chains having a selected 
20 number of hexapolyethylene oxide (HEO) units; 

Figure 3 illustrates methods of synthesis of 
polyethylene glycol polymer chains in which HEO units 
are linked by bisurethane tolyl linkages; 

Figures 4A and 4B illustrate coupling reactions 
for coupling the polymer chains of Figures 2 and 3 to 
the 5' end of a polynucleotide, respectively; 

Figure 5 shows the reaction steps for adding HEO 
units successively to an oligonucleotide through 
phosphodiester linkages, and subsequent fluorescent 
30 tagging; 

Figure 6 is an electropherogram, on capillary 
electrophoresis in a non-sieving medium, of a 24 base 
oligonucleotide before (peak 1) and after 
derivatization with l (peak 2) , 2 (peak 3), and 4 
35 (peak 4) units of a hexaethylene oxide (HEO) unit; 
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Figures 7A-7D illustrate an embodiment of the 
invention in which a target sequence is detected by 
ligation (OLA) of base-matched probe elements; 
Figure 8 illustrates an idealized 
5 electrophoretic pattern observed in the Figure-7 
method, where a target polynucleotide contains 
mutations in two different target regions; 

Figure 9 is an electropherogram, on capillary 
electrophoresis, in a non-sieving medium, of labeled 
10 probes having polypeptide polymer chains, and formed 
by ligation of adjacent probes on a target molecule; 

Figures 10A-10C illustrate an embodiment of the 
invention in which a mutation is detected by ligatior 
of base-matched probes by ligase chain reaction (LCR) 
15 in accordance with the present invention; 

Figure 11 is an electropherogram, on capillary 
electrophoresis in a non-sieving matrix, of labeled 
probes having polyethylene oxide polymer chains, and 
formed by LCR reaction; 
20 Figures 12A-12B illustrate, the steps in a second 

embodiment of the invention, using primer-initiated 
amplification to produce double-stranded labeled 
probes ; 

Figures 13A and 13B illustrate an alternative 
25 method for labeling amplified target sequences formed 
in the Figure-12 method; 

Figures 14A and 14B illustrate steps in a third 
general embodiment of the invention, using reporter- 
labeled nucleotide addition to the target-bound 
30 probes to form labeled probe species; 

Figures 15A and 15B illustrate another method of 
modifying known-sequence polynucleotide fragments, in 
accordance with the method of the invention; 
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Figures 16A-16C illustrate an alternative method 
for forming modified, labeled probes, in accordance 
with the method of the invention; and 

Figures 17A and 17B illustrate an alternative, 
method for forming mod&ied, labeled probes, in 
accordance with another embodiment of the invention 

Figs. 18A-18B illustrate an embodiment of a 
probe ligation method in accordance with the 
invention; 

Figs. 19A and 19B illustrate another method for 
forming modified, labeled probes, in accordance with 
the invention; 

Figs. 20A-20C illustrate another embodiment of 
the invention, wherein probes are hybridized to a 
target polynucleotide immobilized on a solid support 
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Detailed HPsrription o-p ^ Invwni . < nw 
I « Def initinne 

"A target polynucleotide" may include one or 
more nucleic acid molecules, including linear or 
circularized single-stranded or double-stranded RNA 
or DNA molecules. 

"Target nucleic acid sequence" or "target 
sequence" means a contiguous sequence of nucleotides 
xn the target polynucleotide. A "plurality" of such 
sequences includes two or more nucleic acid sequences 
differing in base sequence at one or more nucleotide 
positions. 

"Sequence-specific binding polymer" means a 
polymer effective to bind to one target nucleic acid 
or sequence subset sequence with base-sequence 
specificity, and which has a substantially lower 
binding affinity, under selected hybridization 
conditions, to any other target sequence or sequence 
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subset in a given plurality of sequences in the test 
sample. 

"Different-sequence polynucleotides" refers to 
polynucleotides containing different base sequences 
5 and/ or different number of bases. 

The "charge" of a polymer is the total net 
electrostatic charge of the polymer at a given pH; 

The "translational frictional drag" of a polymer 
is a measure of the polymer's frictional drag as it 
10 moves electrophoretically through a defined, non- 
sieving liquid medium. 

"Non-sieving matrix" means a liquid medium which 
is substantially free of a mesh or network or matrix 
of interconnected polymer molecules. 
15 A "distinctive ratio of charge/translational 

frictional drag" of a probe is evidenced by a 
distinctive, i.e., unique, electrophoretic mobility 
of the probe in a non-sieving medium. 
"Capillary electrophoresis" means 
20 electrophoresis in a capillary tube or in a capillary 
plate, where the diameter of separation column or 
thickness of the separation plate is between about 
25-500 microns, allowing efficient heat dissipation 
throughout the separation medium, with consequently 
25 low thermal convection within the medium. 

A "labeled probe" refers to a probe which is 
composed of a binding polymer effective to bind in a 
sequence-specific manner to a selected target 
sequence, a polymer chain which imparts to the 
30 binding polymer, a distinctive ratio of 
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charge/translational fractional drag, and a 
detectable reporter or tag. 

A "reporter" or "label" or "reporter label- 
refers to a fluorophore, chromophore, radioisotope, 
or spin label which allows direct detection of a 
labeled probe by a suitable detector, or a ligand, 
such as an antigen, or biotin, which can bind 
specifically and with high affinity to a detectable 

anti-ligand, such as a reporter-labeled antibody or 
avidin. 

As used herein, the term "chain terminating 
nucleotide" refers to a nucleotide or analog thereof 
which prevents further polynucleotide chain 
elongation, or extension, after it has been 
incorporated into a growing DNA chain by a nucleic 
acid polymerase. Usually, the chain terminating 
property of such nucleotides is due to the absence or 
modification of the 3' hydroxy 1 of the sugar moiety. 
Preferably, the chain-terminating nucleotides are 
2 ' , 3 ' -dideoxynucleotides . 

As used herein, the term "spectrally resolvable" 
in reference to a set of dyes means that the 
fluorescent emission bands of the dyes are 
sufficiently distinct, i.e. sufficiently 
non-overlapping, that target substances to which the 
respective dyes are attached, e.g. polynucleotides, 
can be distinguished on the basis of the fluorescent 
signal generated by the respective dyes by standard 
photodetection systems, e.g. employing a system of 
band pass filters and photomultiplier tubes, or the 
like, as exemplified by the systems described in U.S. 
patents 4,230,558, 4,811,218, or the like, or in 
Wheeless et al, pgs. 21-76, in Flow Cytometry: 
Instrumentation and Data Analysis (Academic Press, 
New York, 1985) . 
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As used herein, the term "nucleoside 
triphosphate precursors" refers to deoxyadenosine 
triphosphate (ATP), deoxycytidine triphosphate (CTP) , 
deoxyguanosine triphosphate (GTP) , and thymidine 
triphosphate (TTP) , or analogs thereof, such as 
deoxyinosine triphosphate (ITP) , 

7-deazadeoxyguanosine triphosphate, and the like. 

II- Probe Cn mpositi rm 

This section describes several embodiments of 
probes designed for use in the present invention. In 
the typical case, the probe is part of a probe 
composition which contains a plurality of probes used 
for detecting one or more of a plurality of target 
sequences, according to methods described in Section 
III. The probes described with reference to Figures 
IB and lc are representative of probes or probe 
elements which make up probe compositions in 
accordance with the present invention. 

A. Probe Structure 

Figure l shows a probe 20 which is one of a 
plurality of probes used in one embodiment of the 
method of the invention. As will be seen below, a 
probe composition containing a probe like probe 20 is 
designed for use in a "probe-extension" method of 
identifying target sequences, such as the sequence in 
region 24 of a target polynucleotide, indicated by 
dashed line at 26 in Figure 1A, or in a "probe- 
capture" method for identifying such target 

sequences. Both methods are discussed in Section IV 
below. 

Probe 20 includes an oligonucleotide binding 
polymer 22 which preferably includes at least 10-20 
bases, for requisite basepair specificity, and has a 
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base sequence which is complementary to region 24 in 
target polynucleotide 26, with such in single- 
stranded form. Other probes in the composition have 
sequence specificities for other target regions of 
known sequence in the target polynucleotide. In a 
preferred embodiment, the binding polymers of the 
different-sequence probes all have about the same 
length, allowing hybridization of the different 
probes to the target polynucleotide with 
substantially the same hybridization reaction 
kinetics and thermodynamics (T ) . 

Other binding polymers which are analogs of 
polynucleotides, such as deoxynucleotides with 
thiophosphodiester linkages, and which are capable of 
base-specific binding to single-stranded or double- 
stranded target polynucleotides are also 
contemplated. Polynucleotide analogs containing 
uncharged, but stereoisomeric methylphosphonate 
linkages between the deoxyribonucleoside subunits 
have been reported (Miller, 1979, 1980, 1990, 
Murakami, Blake, 1985a, 1985b) . a variety of 
analogous uncharged phosphoramidate- linked 
oligonucleotide analogs have also been reported 
(Froehler) . Also, deoxyribonucleoside analogs having 
achiral and uncharged intersubunit linkages 
(Sterchak) and uncharged morpholino-based polymers 
having achiral intersubunit linkages have been 
reported (U.S. Patent No. 5,034,506). Such binding 
polymers may be designed for sequence specific 
binding to a single-stranded target molecule through 
Watson-Crick base pairing, or sequence-specific 
binding to a double-stranded target polynucleotide 
through Hoogstein binding sites in the major groove 
of duplex nucleic acid (Kornberg) . 
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The binding polymer in the probe has a given 
ratio of charge/translational frictional drag, as 
defined above, and this ratio may be substantially 
the same for all of the different-sequence binding 
5 polymers of the plurality of probes making up the 
probe composition. This is evidenced by the similar 
migration rates of oligonucleotides having different 
sizes (numbers of subunits) and sequences by 
electrophoresis in a non sieving medium. 
10 The oligonucleotide binding polymer in probe 20 

is derivatized, at its 5' end, with a polymer chain 
27 composed of N subunits 28. The units may be the 
subunits of the polymer or may be groups of subunits. 
Exemplary polymer chains are formed of polyethylene 
15 oxide, polyglycolic acid, polylactic acid, 
polypeptide, oligosaccharide, polyurethane, 
polyamide, polysulf onamide, polysulf oxide, and block 
copolymers thereof, including polymers composed of 
unit, of multiple subunits linked by charged or 
20 uncharged linking groups. 

According to an important feature of the 
invention, the polymer chain has a ratio of 
charge/translational frictional drag which is 
different from that of the binding polymer, m the 

25 method of the invention, detailed in Section IV 

below, the probes are treated to selectively modify 
those probes bound in a sequence-specific manner to a 
target sequence, to produce modified, labeled probes 
having a distinct ratio of charge/translational 

0 frictional coefficient, as evidenced by a distinctive 
electrophoretic mobility in a non-sieving matrix as 
discussed in Section III below. As will be discussed 
below, the distinctive ratio of charge/translational 
frictional drag is typically achieved by differences 

5 m the lengths (number of subunits) of the polymer 



WO 93/20236 



PCT/US93/03048 



20 



10 



15 



20 



25 



30 



35 



chain. However, differences in polymer chain charge 
are also contemplated, as are differences in binding- 
polymer length. 

More generally, the polymers forming the polymer 
chain may be homopolymers, random copolymers, or 
block copolymers, and the polymer may have a linear, 
comb, branched, or dendritic architecture, in 
addition, although the invention is described herein 
with respect to a single polymer chain attached to an 
associated binding polymer at a single point, the 
invention also contemplates binding polymers which 
are derivatized by more than one polymer chain 
element, where the elements collectively form the 
polymer chain. 

Preferred polymer chains are those which are 
hydrophilic, or at least sufficiently hydrophilic 
when bound to the oligonucleotide binding polymer to 
ensure that the probe is readily soluble in aqueous 
medium. The polymer chain should also not affect the 
hybridization reaction. Where the binding polymers 
are highly charged, as in the case of 
oligonucleotides, the polymer chains are preferably 
uncharged or have a charge/ subunit density which is 
substantially less than that of the binding polymer. 

Methods of synthesizing selected-length polymer 
chains, either separately or as part of a single- 
probe solid-phase synthetic method, are described 
below, along with preferred properties of the polymer 
chains. 

In one preferred embodiment, described below, 
the polymer chain is formed of hexaethylene oxide' 
(HEO) units, where the HEO units are joined end-to- 
end to form an unbroken chain of ethylene oxide 
subunits, as illustrated in Figure 2, or are joined 
by charged (Figure 5) or uncharged (Figure 3) 
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linkages, as described below, other embodiments 
exemplified below include a chain composed of N I2mer 
PEO units, and a chain composed of N tetrapeptide 
units. 

* 

B - Probe co mpositions 

This section describes three additional probes 
or probe-element pairs which are useful in specific 
embodiments of the method of the invention and which 
themselves, either as single probes or as probe sets, 
form compositions in accordance with the invention. 

Figure IB illustrates a probe 25 which has a 
sequence-specific oligonucleotide binding polymer 21 
designed for sequence-specific binding to a region of 
a single-stranded target polynucleotide 23. By this 
is meant that the binding polymer contains a sequence 
of subunits effective to form a stable duplex or 
triplex hybrid with the selected single-stranded or 
double-stranded target sequence, respectively, under 
defined hybridization conditions. As will be seen 
with reference to Figure 17 below, the binding 
polymer may contain both DNA and RNA segments. 
Attached to the binding polymer, at its 5' end, is a 
polymer chain 31 composed of N units 33, which 
imparts to the binding polymer a distinctive ratio of 
charge/translational frictional drag, as described 
above. The 3' end of the binding polymer is 
derivatized with a reporter or tag 39. m one 
aspect, the invention includes a composition which 
includes a plurality of such probes, each with a 
different-sequence binding polymer targeted against 
different target regions of interest, and each with a 
distinctive ratio of charge/translational frictional 
drag imparted by the associated polymer chain. 
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Figure ic illustrates a probe 32 which consists 
of first and second probe elements 34, 36 is 
designed particularly for detecting selected 
sequences in each of one or more regions, such as 
■ region 38, of a target polynucleotide, indicated by 
dashed line 40. 

In the embodiment illustrated, the sequences of 
interest may involve mutations, for example, point 
mutations, or addition or deletion type mutations 
• involving one or a small number of bases, m a 
typical example, the expected site of mutation is 
near the midpoint of the known-sequence target 
region, and divides that region into two subregions. 
in the example shown, the mutation is a point 
mutation, and the expected site of the mutation is at 
one of the two adjacent bases T-G, with the T base 
defining the 5' end of a subregion 38a, and the 
adjacent G base, defining the 3' end of adjacent 
subregion 38b. As will be seen below, the probe 
elements are also useful for detecting a variety of 
other types of target sequences, e.g., sequences 
related to pathogens or specific genomic gene 
sequences. 

Probe element 32 , which is representative of the 
first probe elements in the probe composition, is 
composed of an oligonucleotide binding polymer 
element 42 which preferably includes at least 10-20 
bases, for requisite basepair specificity, and has a 
base sequence which is complementary to a subregion 
38a m the target polynucleotide, m particular, the 
3 end nucleotide bases are selected for base pairing 
to the 5 end nucleotide bases of the corresponding 
subregion, e.g., the A:T matching indicated. The 
oligonucleotide in the first probe element is 
derivatized, at its 5' end, with a polymer chain 44 
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composed of N preferably repeating units 45, 
substantially as described with respect to chain 27 
formed from units 28. As described with respect to 
probe 20, the polymer chain in the first probe 
element imparts a ratio of charge/translational 
frictional drag which is distinctive for each 
sequence-specific probe element in the composition. 

Second probe element 36, which is also 
representative of the second probe elements in the 
probe composition, is composed of an oligonucleotide 
polymer binding element 46 which preferably includes 
at least 10-20 bases, for requisite basepair 
specificity, and has a base sequence which is 
complementary to a subregion 38b in the target 
15 polynucleotide. In particular, the 5' end nucleotide 
bases are selected for base pairing to the 3' end 
nucleotide bases of the corresponding subregion, 
e.g., the C:G matching indicated. 

As seen in Figure 1C, when the two probe 
20 elements are both hybridized to their associated 

target regions, the confronting end subunits in the 
two probes, in this example the confronting A and c 
bases, are matched with adjacent bases, e.g., the 
adjacent T and G bases in the target polynucleotide. 
In this condition, the two probe elements may be 
ligated at their confronting ends, in accordance with 
one embodiment of the invention described below, 
forming a ligated probe which contains both 
oligonucleotide elements, and has the sequence- 
specific polymer chain and a reporter attached at 
opposite ends of the joined oligonucleotides. It 
will be recognized that the condition of abutting 
bases in the two probes can also be produced, after 
hybridization of the probes to a target region, by 
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removing overlapping deoxyribonucleotides by 
exonuclease treatment. 

The second probe element is preferably labeled 
for e Xample , at its 3 , Bndf ^ ^ * ^ 

as reporter P indicated at 48 in Figure £ 

Preferably the reporter is an optical reporter, such 
as a fi Uorescent molecule wh . ch ^ ^ ■ 

— -** -~ d\ S ff F :; nt J0E ' TAMRA ' 

excxtation wavelengths, and methods of reporter 

(A»rn to 0li ^ cl -tide S/ have been reported 
(Applied Biosystems, Connell) . 

in one embodiment, each probe includes two 

IZlttlT elements ' one element havin * « 

subunit base sequence which can basepair with a 

wildtype base in the target sequence and » 

, . 3 "syuence, and a second 

element having an end-subunit base 

baseoair *h*-i, =, sequence which can 

basepaxr with an expected mutation in the sequence 
The two alternative elements are labeled with 
distinguishable reporters, allowing for positive 

zzzstr of wiidtype ° r — n -~ - 

™r x^-r^ r s ribe v n section 

Llvei y' tne two second probe 
r-T-l: (e - 9 " 0li ~«°tides, »ay have the sa*e 

IZZZlT tte f lrst probe eleDents have 

chains which 1B part to the two probe elects, 

dra IT, " tiOS ° f ^'^ationa! fri^iona! 
drag, ailovmg the two target regions to be 

dxst.ng.ished on the basis of eiectrophoretic 

mobility. 

Figure id shows a probe 50 which is 
representative o f probes in a coaposition designed 
for use in another e-bodi-ent of the aethod of the 
invention. The probe, which consists o f fi rst and 
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second primer elements 52, 54, is designed 
:;;;:: larly H f ° r deteCtin S th. presence or absence of 
vhlh X 7 d ° Uble - Stranded target polynucleotide 
which are bounded by the primer-element sequences. 

in the example shown in Figure in «->,._■ 
bv 'igura ID, the region bounded 

*y the primer sequence is indicated at 56 , and the 
two strands of a double-stranded target 
polynucleotide, by the dashed lines 58, 60 

th. /T* " ' " hiCh ±S "P«sentative of 

the fl rst primer elements in the probe composition 
- composed of an oligonucleotide primer element « 

7-15 bases, for- 
reguisite basepair specificity, and has a base 

of' « g n L e n W 5 6 iCh ^ C ° nPle » ent ^ ^ a 3 -end portion 
of region 56 in one of the two target strands , i„ 
this case, strand 58. 

its 5 r e e ° li9 °" U = leo «^ is derivatized, at 

its S end, with a polymer chain 64 composed of N 
preferably repeating units 66. substantially as 

described with respect to chain « 

,„ ..j ... ^ ct *° c nam 27 formed from units 

28 As described with respect to probe 20, the 

rl^TVT ^ " r?t PCObe - -P«ts a 

Isdlst = har ' e/t " nslat «-l fictional drag which 

ele! I * " *"* s ^-«-P-i«= primer 

element in the composition. 

second primer element 54 , which is also 
representative of the second probe elements in the 

prleVeT f * °—* d ° f » °"~eotide 

least 7 a5 T " Whi ° h alS ° P " fe - b ^ at 
Zt ""J""*' f ° r "Wi.lt. basepair specificity 
and has a base sequence whi>h j , ^^Y* 

S , M , M ^ e nce which is complementary to a 

5 end portion of the opposite strand- in this case 

strand 60, of the duplex DNA fn™^ ' 

. P- 1 -^ °NA forming region 56. The 

second primer element may be labeled with a 
detectable reporter, as described above. 
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Alternatively, labeling can occur after formation of 
amplified target sequences, as described below. 

c ' Probe Preparation 

Methods of preparing polymer chains in the 
probes generally follow known polymer subunit 
synthesis methods. Methods of forming selected- 
length PEO (polyethyleneoxide) chains are discussed 
below, and detailed in Examples 1-4. These methods, 
which involve coupling of def ined-size, multi-subunit 
polymer units to one another, either directly or 
through charged or uncharged linking groups, are 
generally applicable to a wide variety of polymers, 
such as polyethylene oxide, polyglycolic acid, 
polylactic acid, polyurethane polymers, and 
oligosaccharides . 

The methods of polymer unit coupling are 
suitable for synthesizing selected-length copolymers, 
e.g., copolymers of polyethylene oxide units 
alternating with polypropylene units. Polypeptides 
of selected lengths and amino acid composition, 
either homopolymer or mixed polymer, can be 
synthesized by standard solid-phase methods, as 
outlined in Example 5. 

Figure 2 illustrates one method for preparing 
PEO chains having a selected number of HEO units. As 
shown in the figure, HEO (hexaethylene oxide) is 
protected at one end with dimethoxytrityl (DMT) , and 
activated at its other end with methane sulfonate. 
The activated HEO can then react with a second DMT- 
protected HEO group to form a DMT-protected HEO 
dimer. This unit-addition is carried out 
successively until a desired PEO chain length is 
achieved. Details of the method are given in Example 



WO 93/20236 



PCT/US93/03048 



27 



Example 2 describes the sequential coupling of 
HEO units through uncharged bisurethane tolyl groups. 
Briefly, with respect to Figure 3/ HEO is reacted 
with 2 units of tolylene-2,4-diisocyanate under mild 
5 conditions, and the activated HEO is then coupled at 
both ends with HEO to form a bisurethane tolyl-linked 
trimer of HEO. 

Coupling of the polymer chains to an 
oligonucleotide can be carried out by an extension of 
10 conventional phosphoramidite oligonucleotide 

synthesis methods, or by other standard coupling 
methods. Figure 4A illustrates the coupling of a PEO 
polymer chain to the 5' end of an oligonucleotide 
formed on a solid support, via phosphoramidite 
15 coupling. Figure 4B illustrates the coupling of the 
above bisurethane tolyl-linked polymer chain to an 
oligonucleotide on a solid support, also via 
phosphoramidite coupling. Details of the two 
coupling methods are given in Examples 3B and 3C 
20 respectively. ' 

Alternatively, the polymer chain can be built up 
on an oligonucleotide (or other sequence-specific 
binding polymer) by stepwise addition of polymer- 
chain units to the oligonucleotide, using standard 

25 solid-phase synthesis methods. Figure 5 illustrates 
the stepwise addition of HEO units to an 
oligonucleotide formed by solid-phase synthesis on a 
solid support. Essentially, the method follows the 
same phosphoramidite activation and deprotection 

0 steps used in building up the stepwise nucleotide 

addition. Details are given in Example 4. Example 5 
describes a similar method for forming a selected- 
length polypeptide chain on an oligonucleotide. 

As noted above, the polymer chain imparts to its 

5 probe, a ratio of charge/translational frictional 
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drag which is distinctive for each different-sequence 
probe. The contribution which the polymer chain 
makes to the derivatized binding polymer will in 
general depend on the subunit length of the polymer 
5 chain. However, addition of charge groups to the 

polymer chain, such as charged linking groups in the 
PEO chain illustrated in Figure 5, or charged amino 
acids in a polypeptide chain, can also be used to 
achieve selected charge/frictional drag 
10 characteristics in the probe. 
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111 • Electrophoretic s^ ^tion of reeled Pmh.. 
and Oligonu cleotidPS in Non-si evino - H pHi, m 

According to an important feature of the 
invention, probes having different-length and/or 
different-sequence binding polymers, which themselves 
cannot be resolved by electrophoresis in a non- 
sieving medium, can be finely resolved by 
derivatization with polymer chains having slightly 
different size and/or charge differences. 

For the following description, it is to 
understood that the term "probe" can be interpreted 
to include different-sequence polynucleotides. 

In one preferred approach, the probes are 
fractionated by capillary electrophoresis in a non- 
sieving matrix, as defined above. The advantage of 
capillary electrophoresis is that efficient heat 
dissipation reduces or substantially eliminates 
thermal convection within the medium, thus improving 
the resolution obtainable by electrophoresis. 

Electrophoresis, such as capillary 
electrophoresis, (CE) is carried out by standard 
methods, and using conventional CE equipment, except 
that the electrophoresis medium itself does not 
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contain a sieving matrix. The CE protocol described 
in Example 6 is exemplary. 

Figure 6 shows an electropherogram of 
fluorescent-labeled 24-base oligonucleotide probes 
5 which are either underivatized (peak l) , or 

derivatized at their 5' ends with a l, 2, or 4 
phosphate- linked HEO subunits (peaks 2, 3, and 4, 
respectively) . The probes were prepared as described 
in Example 4, and capillary electrophoresis was 
10 carried out in a buffer medium under the conditions 
detailed in Example 6. 

As seen in the figure, the probes are well 
resolved into four peaks, with migration times of 
20.397, 20.612, 20.994, and 21.558 minutes. In the 
15 absence of the polymer chains, the four 

oligonucleotide probes would migrate at the same or 
substantially the same electrophoretic migration 
rate, i.e., would tend to run in a single unresolved 
peak. (This would be true whether or not the 
20 oligonucleotides had the same or different sizes 
(Olivera, Hermans).) 

The ability to fractionate charged binding 
polymers, such as oligonucleotides, by 
electrophoresis in the absence. of a sieving matrix 
offers a number of advantages. One advantage is the 
ability to fractionate charged polymers all having 
about the same size. As will be appreciated in 
Section IV below, this feature allows the probes in 
the probe composition to have similar sizes, and thus 
similar hybridization kinetics and thermodynamics 
(TJ with the target polynucleotide. Another 
advantage is the greater convenience of 
electrophoresis, particularly CE, where sieving 
polymers and particularly problems of forming and 
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removing crosslinked gels in a capin arv tub. 
avoided. Pmary tube are 



Iv - Assay M»fh^ 

5 In ° ne as Pect, the method of the inv.nH • 

designed for detecting « ' invention as 

regions in a taraet i " dif f erent -eguence 

includes f- T Polynucleotide. The method 

includes first adding to the tar™* 

one n-r ™™ target polynucleotide, 

wne or more seauencp-cn^i*' ' 

4uence specific probes of +•>,/=, 
> described above Th« ^ w proDes of the type 
tarfl . , * The probes ^e reacted with the 

target polynucleotide under conditions which f^vor 
sequence-specific binding of the probes to 
corresponding sequences in the tara.f « , 
As indicated above this I- * P^ynucleotide. 

hybridization o7l'2T * --Ives 

atxon of complementary base sequences in t-h 

stran^L ! s ^gle-strand probe and double- 

paLl t ^ SegUSnCeS ' Via H ^tein base 
Pairing, typically in the major groove of *h „ 

molecule (Kornberg), is also ° ! dUPlSX 

ls also contemplated. 

Probes, each having . ^Z^T S B ° dlfied 1Sbeled 

amplification of selected t*™^ 

extension in the nr J! sequences, probe 

trinh. k * Presence of labeled nucleoside 

triphosphate molecules, enzymatic cleavaae n 
^ound to a target region, 0"^^ ^ ^ 
immobilized target, as detailed in Subsections a-F 
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below. The labeled probes produced by selective 
modification of target-bound probes are fractionated 
by electrophoresis in a non-sieving medium, as 
discussed in Section III above. The migration rates 
5 of the modified, labeled probes can be used to 

identify the particular sequence associated with the 
labeled probes, to identify the presence of 
particular sequences in the target polynucleotide. 

10 A - Probe-Li cration MP-t-hr.H 

This embodiment is designed especially for 
detecting specific sequences in one or more regions 
of a target polynucleotide. The target 
polynucleotide may be a single molecule of double- 
stranded or single-stranded polynucleotide, such as a 
length of genomic DNA, cDNA or viral genome including 
RNA, or a mixture of polynucleotide fragments, such 
as genomic DNA fragments or a mixture of viral and 
somatic polynucleotide fragments from an infected 
sample. Typically, in the present embodiment, the 
target polynucleotide is double-stranded DNA which is 
denatured, e.g., by heating, to form single-stranded 
target molecules capable of hybridizing with probe 
binding polymers. 

Figure 7A shows a portion of a single-stranded 
target polynucleotide 70, e.g., the »+'• strand of a 
double-stranded target, with the 3' to 5' orientation 
shown. The polynucleotide contains a plurality of 
regions (also called target sequences) R,, R,, ^ to 
30 r d , indicated at 72, 74, 76, and 78, respectively, 
which each contain a different base sequence. Each 
region preferably has about the same length, i.e., 
number of basepairs, preferably between about 20-80 
basepairs. The total number of regions ^ which are 
to be assayed in the method may be up to one hundred 
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or more, although the method is also applicable where 
only a few different-sequence regions are to 
detected. 

Although the method is illustrated in Figure 7 
5 with respect to a point mutation, it will be 

appreciated how other types of small mutational 
events, such as deletion or addition of one or more 
bases, can be detected by the method. More 
generally, the method can be used to assay 
10 • simultaneously, target sequences, such as sequences 
associated with a mixture of pathogen specimens, or 
gene sequences in a genomic DNA fragment mixture 

Figure 7B shows an enlarged portion of target 

polynucleotide 70 which inri,,^ ~ 

niCn lnclu <*es regions 74 (iy and 

76 (Rj) . Region 74 includes adjacent bases T and C 
as shown which divide the region into two subregions 
74a, 74b terminating at these two bases. The T and c 
bases are wildtype (non-mutated) bases, but one of 

>0 "olnt ^Tl' e ' 9 " ^ T baS6 ' ™P-*s to a Known 
20 point-mutation site of interest i 

interest. Similarly, region 

76 includes adjacent bases G and G which divide this 
region into two subregions 76a, 76b terminating at 
these two bases. The G base in subregion 76a 
represents a point mutation from a wildtype T base 
5 and the adjacent G base is non-mutated. The assay' 
method is designed to identify regions of the target 
such as regions 74 and/or 76, which contain such ' 
point mutations. 

The probe composition used in the assay method 
is preferably composed of a plurality of probe 
elements, such as those described with respect to 
Fxgure IB above. This composition is added to the 
target polynucleotide, with such in a denatured form 
and the components are annealed to hybridize the 
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probe elements to th*» nn»«i. . 

s to rne complementary-sequence target 
regions, as shown in Figure ib. 

at .o°°r„ 0 f T e Pr ° beS ln «~«<». indicated 
_ at so, includes a pair of pro b e elements 80a, sob 

s whose sequence are complements™ «■„ <->. 

subregions 74a 74H Pieaientary to the corresponding 
eg lon s 74a, 74b, respectively in region 74 of the 

target polynucleotide i . e . , the probe element 
sequences correspond to those of th e ... strand of 
the R, region o, the target, m particular, the 
probe elements have end-subunits A and G bases which 
when the elements are h V h>-^- ^ wnicn, 
subrp , / are fcyteidized to complementary 

subregions of region 74 a ^ 

form Watson-cric* h J e i effe ««e to 

and c in th T P ' " ith ad 5 acent "ases T 

and c m the target region. 

in.- TT" °* Pr ° beS la the "position, 

rr: 82 ' inciudes a pair ° f 

82a, 82b whose sequence are complementary to the 
corresponding subregions 76a, 76b, respectively in 
re gi on 76 of the target polynucleotide, m this 
case, the probe elements have end-subunits A and c 
bases which, when the elements are hybrids to 
complementary subregions of region 76, as shown, are 
ad"a cent b oase pairing with 

regiT uT ' " in ^ 

region. However, in the eYaBn1a 

' example shown, a T to G 

end !" PreV8ntS WatSM - Cri ^ >*se Pairing of the A 
end-subumt to the associated target base 

corrJ 0 "!"'" 9 anneaUn9 of th ° Probe elements to 

Is "eat"d 9 , h tar9St SS9UenCeS ' thS " a « ion 
as treated wxth ligating reagent, preferably a ligase 

enzyme, to ligate pairs of p rob e elements whose 
confronting bases are base-paired with adjacent 

are r9 aLe„ aSeS ' li9atiM reaCtiM editions 

sllelt T The li?ation - 

selective for those probe elements whose end subunits 
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are base-paired vlth the t ba 

example illustrate us ' ln the 

ligated h ^ t6d ' 11,6 probe dements 80a, 80b are 
legated, but probe elects 82a, 82b are not. 

5 joins JTlt** a T ECiatea that thS "action 
joins an oligonucleotide ™ r rvi«. 

polymer chain carrying a sequence-specific 

aet^able reporteT ^'fT""- • 

labeled probes su cn "^""^ ""^ — 

probes, such as probe 84, composed of an 

10 s B ec 9 L" U ° 1 tidS 1Sbeled at ~ ~ * P"^ 

aetectable (fluorescent) reporter. 

illustrateT 1 " 9 tar9et - p " be as 

ligated ^V? ^ ^ relMSeS 3 « 
15 target Pr ° beS ' C ° r «~ng to vildtype 

target seguences, and non-ligated probe elementf 
corresponding to point mutations at or 
element end subunits f,,* n < . . P 
- a Polymer Cain 

7D J" T 33337 meth0d illust "ted in F igures 7A- 
7D, one of the target regions (v>\ nm + • 

. . ' yAons 1^3) contains a 

mUtatl ° n Whlch Prevents ligation of the 
complementary-sequence probe elements. It is 

" ^r 6 "' ^ ^ ° f that the 

polynucleotide contains ei«h<- 9 

interest, of whi^ re! f 91161106 regi ° nS ° f 

/ regions R3 and R, have mutations 

of the type which prevent probe-element li™*- 
the other six regions are l^l ll98tlen ' and 

" lead to ligated 1Z1T ^ fences which 

idealized T t' PT ° heS ' FlgUre 8 sho ^ an 

Realized electrophoretic pattern which would be 
expected in the Hrr**.i u " La be 

the figure are th " ***** Peaks 1 " 8 *» 

licJTT ex P ec ted migration times of 

ligated oligonucleotide probes h» v< « • 

5 longer polymer chains ! * lncreasi Wy 

P ymer chains, such as 1, 2, 3, 4, 5/ 6, 7, 
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and 8 linked HEO units Tho «k„~ ^ , 

^its. The observed electrophoretic 
pattern will show gaps at the 3 ^ n ~ „ 
as irv1 , af , . P ne 3 and 7 Peak positions, 

as indicated, evidencing mutations in the 3 and 7 
target positions. All unmodified DNA will elute 
5 substantially with the N = o peak 

Example 7 illustrates the general principles of 
Probe ligation and separation, in accordance with 
this aspect of the invention, m this method, a 25- 

Phe" L tT Cle0tide d6riVati2ed *th 1 or 2 Phe-Ala- 

25-base 3 ent-labeled 

25 base oligonucleotide were mixed under 

hybridization conditions with a t*™^ 

„ hrtM 1T:n a target polynucleotide 

whose se^ence spanned the two oligonucleotides. The 

Z ToTtt Pr ° be ele " entS WSre trSat6d »"> "««. 

V flu ° r ««*t-labeled probes carrying a or 2 
tetrapeptide units. 

den at CaPUlary eleCt "P ho " si - ^ a non-sieving, 
denaturing Medium was carried out substantially as 
descried above, and as detailed in Example 7 
Figure 9 shows the electropherogram of the 
fluorescent-labeled probe before ligation (pea, 

12,621, and the same probe when ligated with a probe 
co„ta lnl „ 4 . or 8 . am . no a=id ^ P be 

"gated r -7 "' reSp8Cti -^)- -en, the two 
legated probes and the unligated probe 

in the above OLA ligation method, the 

rriif? 0 :. 01 probe can *- * — y, 

rLTl * " °* ^ deriv ""^ P«bes with 

steps ele - ent ^"i«ti«. and ligation 

oe L h - S 7 le . aaditi - '"near, amplification can 
be achxeved using the target polynucleotide as a 

pro!! T rePSating ^ denatu ««°n- annealing, and 
probe-element ligation steps until a desired 

concentration of derivatized probe is reached. 
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Alternatively, the ligated probes formed by 
target hybridization and ligation can be amplified by 
ligase chain reaction (LCR) , according to published 
methods (Winn-Deen) , and also as described in Example 
8. In this method, illustrated in Figures 10A-10C, 
two sets of sequence-specific probes, such as 
described with respect to Figure IB, are employed for 
each target region of a double-stranded DNA, whose 
two strands are indicated at 170 and 172 in Figure 
10A. one probe set, indicated at 174, includes probe 
elements 174a, 174b which are designed for sequence 
specific binding at adjacent, contiguous regions of a 
target sequence on strand 170, as indicated, and a 
second probe set, indicated at 176, includes probe 
elements 176a, 176b which are designed for sequence 
specific binding to adjacent, contiguous regions of a 
target sequence on opposite strand 172, also as 
shown. 

As seen, probe elements 174a and 176a are 
derivatized with a polymer chain, and probe elements 
174b, 176b, with a fluorescent reporter, analogous to 
probe set 32 described above with respect to Figure 
IB. After hybridization of the two probe sets to the 
denatured single-stranded target sequences, the probe 
elements bound to each target region are ligated, and 
the reaction products are denatured to release 
labeled probes 178, 180 (Figure 10B) . These labeled 
probes can now serve as target substrates for binding 
of probe sets 174, 176, as shown in Figure 10B, with 
ligation now producing 2 2 labeled probes. This 
process is repeated, i.e., N-2 times, to produce 
ideally a total of 2 N labeled probes 178, 180, as 
indicated in Figure lOC. 

In the method described in Example 8 two pairs 
of probe elements were prepared, one set containing a 
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first probe which is derivatized with . M , m 
containing either 3 ™- „ ^ .> Polymer chain 

-its, as abovTand d ° deCa SthylEne CW>> 

with a fluotscence Pr ° be " hiCh is 

fluorescence reporter eyni?\ mw 

5 r»>-^K A i jy^J-ter (JOE). The pairs of 

=> probe elements were t^rv-r^ ^ , ^ s or 

o* the cystic ^ZllZT ^ W °' 

^rL 3 ^: 1 ::; r fron the *» — 

probes in *h amplified, ligated 

proves in the mixture were -Fr-a^i* 

' • non-sieving buffer undlr H by CE in a 

urea, . ThI electron, denaturi "9 conditions ( , M 
Here the pea* a « " sh °™ "cure u. 
,,„n 7/ lEft f P eak 19-058) is the 

unHgated JOE-labeled probe Th» „ 

"•lie are the ligated atoii, , " 2 °- 84? * nd 

either two or t J unT^n/"^ 
seen, the two probes hav „g T^lllT^ ' *" 
Cains are well resolved from JTZ^/T" 
Probes lacing a p olyner chain in a J^LT" 

describ^ot 1 t i9atiOT ^ >~ 

in each of a P l ZTitTlTl *" " UtatiOTS 
understood th*^ ^ regl ° nS ' " ls 

detecting ^t^ tTrTr " to 

example, to the prestl: o rr nCeS *» 
n**-K« Presence or absence of different 

pathogen sequences, or di*^o~> 4. "*erent 

a higher organise * ■ gWMmlc ^ In 

A modification of 
illustrated in TiJLH Tsl 'T"^ 
each seguence specie "ob *" ^ Beth ° d ' 

includes a pair of Ll " Pr ° be 204 < 

^06, 308. which are T mentS ' SU=h 38 »*• 

Portions 'of tt:^^ n :/«r in? * ^ 
in a target polynucleot£eT 2 p T SS9UenCe 21 ° 

binding poller 2l 4 a ' * 206 includes a 

a polymer chain 216 which 



WO 93/20236 



PCT/US93/03048 



38 



15 



20 



25 



lTto S ^'^^r^ ^/^nslational frictional 

T a 7Z\TJT: element ' and a reporter 218 

»ay be attached to the poller chain or binding 
Poller. The second probe element is an 
5 oligonucleotide which is ligatable with r>roh. i 

206, when the , probe element 

6, when the two elements are hybridized to the 
associated target sequence, as described Jt 
respect to Figures 7A-7D. deSCribed ab -e with 

The probes are hybridized to the target 
1 polynucleotide lir^^ ^ 

above, to yield I* T' T 

,! modified labeled probe 220 whose 

charge/ translational friction*! ^ 

Edified by virtue of the d " ^ 
««i , ° f the different ratio of 

polynucleotide/polymer chain centring 

probe after ligation ™ contri ^t 10 ns to the 

frarf . * Ration. The modified probes are then 

fractionated by elpri-m^ • 

electrophoresis in a non-sievina 
medium, as above to -in^-* ing 

different tar alt' ldentlfy P robe * associated with 
irrerent target sequences of interest. 

It will be appreciated that ligation of two 
oligonucleotides, in th* 

will not aii-o. a bsence of polymer chain, 

probe • e ^ctrophoretic mobility of the 

Probe m a non-sieving matrix, since the 

rtal?sT' ati0nal friCti ° nal ° f ^e probe 

won. of the polymer chain and binding 
polymer to the combined charrr* .„«, * 
frictional drag of ^! ! * Variational 

«- in ve ntion . The ^Tt^J—ZlTlT 

presence of one or „ore sequences s to S 
with fragments T, to T S „I ! ' * assocl " e " 
fram _ „ ' T " such as double-stranded 
fragments T, and T, shown at 150 15, 

u XDU / 15 2, respectively. 
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The fragments are modified i n fu^ 
hvh ... . iried ln this method by 

hybridizing with a r>r-«K„ 

for each target se 'Ll ^ inClUdes ' 

AyeL seguence of interpcf ^ ~ . 

elects, such as probe e ieJ ts 152 
5 the general contraction of the probe , 6 

described in r igure «. That L the ", ""** 

i nr1l ,j„ . j-iieit is, the element 152 

includes an oligonucleotide i« , . 
specific m cxeotxde 156 designed for base 

specific binding to one region of fragment T and 
selected length polymer chain 157 , and element l 54 & 
10 a reporter-labeled oligonucleotide 158 1 Y " 
base-specific binding to a second re * ^ 

fragment. As shown J n * ^ «* the 

include polymer chains m / Tt ' 
distinctive ratio ^ h WhiCh impart a 

" drag to the bind"! ^• /t " Ml *tion.l Actional 
y uie binding polymers to which 

chains are attached. P ° lymer 

In the method, the fv»rr« *. 

Ration, in sin^r^ SL"^ 
probe elements in the nroh* „ 
>° hy b ridi,ed fragments L"h as "ra™ t" ^ 

probe having , selected Z !1 ^ " lth one 

— . reporter-^trp rX '£? T "* ' 
»ay be thought of i„ * M Srget £ »9"=nt 

bating t ^°l Z ^ « -rving a probe- 

» Since the fragment it does IT* 

the electrophoretic BobiliL o f t h 'T" 1 ^ ^ 
events, when fractionated electro^! ^ 
method allows for identificatLn of taTae t ' 
frag^nts according to the distinctive ratio o^ 6 "" 
oharge/frictional drag iaparted bv T ? 
in one of the probe eLents xn P 

are observed in the electecon *' " C ' tWO **** 

to fragments T, and T If tn ^ C °" SS *°"*^ 

of a peak corr spondin, * T^"**"' Th * -« " 

P namg to fragment T, (dashed lines 
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in Fig. lec) indicates that T wa « 

sample. 2 n0t P reser * in the 



B " ^rget-SPrmence An, p 1 ^ ^ t . m| 

5 In a second general embodiment of the method 

illustrated in Figure 12 the nr.v, method, 
~ • ' he P r °bes are desioned for 

primer-initiated amplification signed for 

«^ ^ ^ PJ-J-ncation of one or more regions 

of the double-stranded t arna f ~ ■. 9 ns 

d tar ^et polynucleotide. At 

10 carrL° n a ^ °' ^ ^ 

amolif i h r " Chain WhiCh iDpartS to 
amplified fragment, a distinctive ratio of 

char ge/translational frictional drag. The amplified 
regions may be reporter-labeled during or after 
amplification. 

15 Figures 12A and 12B illustrate 

+ • J-J-iustrate the method. The 

figure shows the two «r,^,4. ^ 

wie two separate strands 90, 92 of a 

L°vZ LT le " stranded tar9et - »" 

reg"I T ° ne ' tYPiCa " y * of 

20 tar" ^ " reSi ° n t0 bS MPlified - 

<2U target is reacted with a nmK a 

„r-«K P e com Position whose 

probes each consist of a n^r «f 

such as primer elements 5 " H ele " entS ' 
above with respect to Fig^e c f" " 

probe 98 composed of Ji!^ , 12A Sh ° WS a 

>5 prw 1 elements 100, 102. 

primer loTlT ^ °* " leotide 

Le sL 1 ^ o d f £Slgned f ° r ^idization to a 3 'end of 
one strand of region 96, which carries at its 5 -end 
a selected-length polymer chain loe 
above-descrih* «>-• ' Slmilar to 

ve describe primer element 52. Element 102 is an 
0 oligonucleotide nri*« * • an 
a 5' end of th! aesl 9ned for hybridization to 

5 end of the opposite strand region 96, which 
carries a fluorescent reporter at its 5-enf 
Droh ^ Practici »9 this embodiment of the method the 
probe composition is reacted with the target 
polynucieotide under hybridation conditions which 
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favor annealing of the primer elements in the probe 
composition to complementary regions of opposite 
target polynucleotide strands, as illustrated in 
Figure 12A. The reaction mixture is then thermal 
cycled through several, and typically about 20-40 
rounds of primer extension, denaturation 
primer/target sequence annealing, according to well- 
Known polymerase chain reaction (PCR) methods 
(Mullis sai ki) . 0ne affiplif . ed reg . on _ geMratea 

the probe primers loo, 102, is shown at loo in Figure 



If, as in the example illustrated, one of the 
primers is reporter-labeled, the double-stranded 
ampl lfl ed region, such as region 103, forms a 
Edified, labeled probe having a polymer chain 
earned on one strand and a reporter on the other 
strand, where the polymer chain imparts to the duplex 
structure, a distinctive ratio of 
charge/translational frictional drag 

labe^f^f iVSly ' ^ Mplifie * sequences "ay be 
labeled in double-stranded form by addition of an 

bromL Mlat ^ 9 ° r such as ethidium 

bromide The different-sequence amplified probes can 
be fractionated in double-stranded form by 
electrophoresis as described above, based on the 

01 '""^"^tional fictional 
drag of the double-stranded species. 

In another approach, one of the two primer 
elements may contain both a polymer chain and 
reporter label, whereby the primer-initiated 
polymerase reaction produces modified, labeled 
single-stranded probes. 

The just-described method is useful , for 
example, i„ assaying for the presence of selected 
sequences in a target polynucleotide. As an example 



the target polynucleotide may be genomic DNA with a 
number of possible linked gene sequences. The probes 
in the composition are primer pairs effective in PCR 
amplification of the linked sequences of interest. 
After sequence amplification, the presence or absence 
of the sequences of interest can be determined from 
the electrophoretic migration positions of the 
labeled probes. 

In another application, it may be desired to 
assay which of a number of possible primer sequences, 
e.g., degenerate sequences, is complementary to a 
gene sequence of interest. In this application, the 
probe composition is used to amplify a particular 
sequence. Since each primer sequence will have a 
distinctive polymer chain, the primer sequence 
complementary to the sequence end regions can be 
determined from the migration characteristics of 
labeled probes. As with the other applications 
discussed above, the method may involve including in 
the fractionated probe mixture, a series of 
oligonucleotides derivatized with polymer chains of 
known sizes, and labeled different reporters groups 
that are carried on the test probes, to provide 
migration-rate standards for the electrophoretic 
separation. 

In still another application, the amplified 
target fragments are labeled by hybridizing to the 
amplified sequences, with such in single-stranded 
form, a reporter-labeled probe. This application is 
illustrated in Figures 13A and 13B, which show an 
amplified target sequence 112 having a polymer chain 
114 carried on one strand. The aim of the assay is 
to determine whether any, and if so which, of the one 
or more fragments produced by the primer probes 
contains a sequence complementary to the probe 
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sequence. ln this exaap 

a region lis whose b^o . a 9*ent 112 contains 

that of a known s **>*™* is complementary to 

^ or a known-sequence probe us 

. ^ri^rst; ::i h as f ~ «• 

standard *«-i^JL■^. ta, ^. , ™ ,, - — 

to the strand - , ""tions, binding probe lis 

Poller =LL I'", 9 " 6 " 116 -"tains the 

whi* can L rra't" "^"^ P«*- 

» above. f «=t«-ted by electrophoresis, as 

for Jd^" 158 illu ^ate another aethod 

for modifying PCR-generated target fraa™ enf 
double-stranded fragment 130 a91 " entS ' SUCh as 

»*. »3.. m the eZvZt nlZllT T7 

- *een f luorescent-iabeied with a "pi r ^ a T 
one fragment end during a BpUf ication P " " 4 " 
strand can be reporter XabeW bTa Cariet 
methods, such as by nick tr,„«i I- riety ° f 
waning in the ^^^^J^ZT" 

as probes 138, no 142 do P 1 "" 1 "* of P">bes, such 

specific binding to d £er e nt *" 

strand of the tlget ZT t T Vm * r ^ io "s of one 

representative, inches L ol ^ 
havi™ ^ "cxuaes an oligonucleotide 144 

«~ probe, a -i^T^iT".,-* 

charge/frictional drag. 

In the method, the fragments 
hybridization, in sin^i T^^ 5 are Rifled by 

in smgle-stranded form *H<-h 
probes in the probe composition fZT' T 
such as fragment 150, wLh on! * frag * ents < 

stranded regions cor^spondL T "** d ° Uble " 

orrespondmg to probe binding. The 
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modified fragments are reporter labeled in one strand 
and derivatized with one or more selected-length 
polymer chains in opposite strand probes. 
The modified fragments are then fractionated in 
5 double-stranded form by electrophoresis, to 

fractionate the fragments according to the number and 
size of polymer chains associated with each fragment. 

Thus, for example, in the method illustrated, 
the fragment 132 binds probes 138, 142, and thus has 

10 been modified to carry a total of i+k polymer chain 
units. Since the fragments will migrate, on 
electrophoresis, with migration times which are 
dependent on the total number of polymer chain units 
attached to the fragments, the probe (s) associated 

15 with each fragment can be identified. This method 
can be used, for example to examine the distance 
between known sequences within genomic DNA, or for 
identifying linked sequences. 

20 C. Probe Extension 

A third general method for forming labeled 
probes, in accordance with the method of the 
invention, is illustrated in Figures 14A and 14B. In 
this method, a single-stranded target polynucleotide, 

25 such as shown at 120 in the figures, is reacted with 
a probe composition containing a plurality of probes, 
such as probe 122 which are designed for base 
specific binding to selected regions of the target. 
Probe 122, which is representative, is like probe 20 

30 in Figure 1A, and includes an oligonucleotide having 
a free 3' -end OH group and a selected-length polymer 
chain carried at its 5' end. 

After binding the probes to the target, the 
probes are treated with DNA polymerase I, in the 

35 presence of at least one reporter-labeled dNTP, as 
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shown. Dye-labeled dNTPc , 

j exea ontPs can be synthesized from 

commercial starting materials. For examnl. 

dUTP (Clontech, Palo Alto CA) Jn b! !' 3min ° ? 

fluorescein NHS ester mil J ^ With 

s _ (Molecular Probes, Eugene or} 

5 under standard coupling conditions to form a ' 

fluorescein-labeled dUTP. The p olymerase ± . 

trL^ e '/ n PrSSenCe ° f a11 *~ nucleoside 

probed ' ^ ^ 3/ - d ° f target-bound 
probes, incorporating one or more labeled 

> nucleotides, as indicated at 128 to -u 

modified i ahplo , ' ' fGrm the de sired 

eh^« P 65 haV±n9 dis tinctive polymer 

chains associated with p^xymer 

e Q wicn each dif ferent-seguence nmh a 
characteristic of each nmK D 9 Probe, 

Ui e acn probe sequence. 

Alternatively, i n the above exanDle 

be cnum** 4.1. example, fluorescein may 

*>e coupled to the modified nucleotide * n ■ 
dU aff B >- ^leocwe, e.g., ammo-7- 

dU , after incorporation into the probe. Eac h of the 

different-seguence-modified l*^-* _ 

dis+- 4.- ""lea, labeled probes has a 

distinct ratio of charge/translational frictional 
drag by virtue of its distinctive polymer chat 

-cm ^ e a ;n nsi ; n ' the — - 

labpl . w ^entify the migration positions of 
labeled probes corresDonrf i t,„ 

in tho 4. responding to sequences contained 

m the target nucleotide. 

D - Fraermpnf- deava^ 

eMbo/ l9UreS ^ " B illu «™te mother 

"ethod, the probe composition i„=l udes a pl J" litv of 
se,ue nce _ speoific probes , such probe ^ ™ ° f 
for sequence specific hi 4. "^signed 
stranded tarai f 9 ° rSgi ° nS ° f a sin ^' 

nrst single-stranded DNA segment 192 , 
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and a second segment 194 which includes single- 
stranded RNA region 196. a polymer chain 198 
attached to the binding polymer's first segment 
imparts to the binding polymer, a distinctive 
charge/translational friction drag ratio as 
discussed above, a reporter 200 is attached to the 
second segment of the binding polymer. m 
particular, the polymer chain and reporter are on 
opposite sides of the RNA region, so that selective 
cleavage in this region will separate the probes 
first segment and attached polymer chain from the 
reporter . 

In the method, the probe composition is reacted 
with the target polynucleotide under hybridization 
conditions, as above, to bind the probes in a 
sequence specific manner to complementary target 
regions. As seen in Figure ISA, this produces a 
region of RNA/DNA duplex in each bound probe. The 
reaction mixture is now treated with a nuclease, such 
as RNase H, which is able to cut duplex RNA/DNA 
selectively (Duck) , thus cutting each probe in its 
RNA binding region. 

The hybridization reaction is now denatured 

releasing, for each specifi cally bound probe, a ' 

modified labeled probe which i«r.ve 

* ODe wnich lacks its polymer chain 

and thus now migrates as a free oligonucleotide by 
electrophoresis in a non-sieving medium, m an 
alternative embodiment (not shown) , the polymer chain 
may be attached to reporter side of the probe, so 
that RNAse treatment releases a portion of the 
binding polymer, modifying the combined 
charge/combined translational frictional drag of the 
remaining probe (which contains the polymer chain 
and reporter) , thus shifting the electrophoretic 
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mobility of the probe in a non-sieving medium, with 
respect to the uncleaved probe. 

In another embodiment using the cleavage mode of 
generating labeled probe, probe modification is 
5 accomplished during extension of a primer annealed to 
the target polynucleotide upstream from (beyond the 
5' end of) the annealed probe. This extension is 
produced by a DNA polymerase also incorporating a 5 ' 
to 3 * exonuclease activity (Holland) . The method is 
10 ■ illustrated in Figure 19 which shows a target 

polynucleotide 222 with a sequence region 224 of 

interest. The probes in thi<= ^^.j 

^ in cnis method are exemplified 

by probe 226 which contains a binding polymer 228 
having a subunit 229 adjacent the polymer's 5' end 
15 Attached to this base are a polymer chain 230 and a 
labeled probe 232 (which may be attached to the free 
end of the polymer chain) . Also shown in the figure 
xs a primer 234 which is designed for sequence 
specific binding to the target, upstream of the 
2 0 regxon 224. 

In practicing the Method, the sequence-specific 
probes and a set of primers, such as primer 234, are 
reacted with the target polynucleotide under 
hybridization conditions, to bind associated probes 

■5 and upstream primers to different-sequence regions of 
the target. The target and attached probes are now 
treated with the above polymerase in the presence of 
all four nucleoside triphosphates, resulting in 

0 ^ ly " rt eri " tl0n ° f Frf-r in a 5- to 3' direction, 

reach \\ * " th * 
reaches the 5' end of the adjacent probe, it 

displaces the probe from the target region, and also 
cleaves of, 5- end subunits from the probe. As shown 
in Figure 19B, cleavage of the subunit 229 from the 
> probe releases a labeled probe 236 composed of base 
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229, reporter 232 a«/i ~ , 

i-Parts to the or-! **** °^ in 230 «"<* 

charge/trans^ ' ratl ° <* 

it wm be " al fri «"-a drag. 

' of molecular biolo^at^f ^"^ " the «* 

— — are ,^1 °* 

activity not linJted to po ^~- 

the N-terminal selective cleave ! aCtlVltles <e-9-, 
«>« Polymerase I and ,->, ieava 9 e fragment from B . 

» -=te rioph a 9e X, , using L^T' " 

exonuclease activities t Proofreading 

case the p olymer L^.^ ~ t ?° lyMrm ~' 

Preferably are attached to the 3/ V * 
and this 3' end comprises oZ ° f Pr ° be ' 

5 ^matched to the twrn * ^ nucle °tides 

figure 17A) , or Usi Z Polynucleotide i 88 of 

// yj. using any or » t ,-:j 

sequence-specific ran ^ e of 

the preferred embodiment locates L°' ' 
Poller chain on the same sl T e of ^ "^"^ the 
•if W . such that they rem, =leaVa9S 
subsequent to cleavage A^dit" ""^ 
"ay or may not be * "J""*" 1 polymer chains 

•** of the cleavage site^f ^ °" ° PP ° Site 
<— r to optimize 4. resol 6 ^ in 

from unlabeled probes. " °* labeled P r ° b « 

In an important embodiment of th. • 
sequencing is implemented £ J? in «»tion, DNA 
separating DNA fragments //^"^^""cally 
oligonucleotides) in . fe rent-sequence 
"ative DNA consists of ZT^^ 
strands of nucleotides L^T P ° lyDerS ' ° r 
nucleosides linked h„ '„ strand is a chain of 

by phosphodiester bonds. The two 
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strands are held together in an antiparallel 
or.entation by hydrogen bonds between complementary 
bases of the nucleotides of the two strands- 
deoxyadenosine (A) pairs with thymidine (T) and 
> deoxyguanosine (G) pairs with deoxycytidine ( C ) 

Presently there are two basic approaches to DNA 
sequence determination: the dideoxy chain 
termination method, e.g. Sanger et al, Proc. Natl 

chemi T'/ VCl " P9S ' 5463 " 5467 (1977 >'' « 

chemacal degradation method, e.g. Maxam et al, Proc 

Natl. Acad. Sci., Vol. 74, pgs. 560-564 (1977). The' 
cham termination method has been improved in several 
ways, and serves as the basis for all currently 
available automated DNA sequencing machines, e.g 

Sanger et al, j. M ol. Biol Vol ia-» 

,-, aon , At ' Vo1 * 143 » Pgs. 161-178 

(1980); Schreier et al j m«i » • i 

ax, J . Mol. Biol., Vol. 129 Das 

r 1 ;: <i979>; muis et ^ s= r 

Vol 76, pgs. 2232-2235 (1979) ; Smith et , 

Ac ld s Research, Vol. „, pgs . 2399 . 2412 ( 
et a , Nature, Vol. 321, pgs . 5674 . 6?9 , ' 
et al, science, Vol. 238, pgs. 336-341 (1987) 
Section II, Meth. Enzymol., Vol. l 55 , pgs . 51^334 

Zlll'. ?T b et al - science - vo1 2t °' 

("88,; Tabor et al, Proc. Natl. Acad. sci.. Vol. 84 

pgs. 4767-4771 (19871- T*h™- 4- '«-<-• 

_ (1987), Tabor et al, Proc. Natl. Acad. 

Sea., vol. 86 , pgs . 4076 . 4080 ( inn . s 

Proc. Natl. Acad. Sci vm or 

C1 *' Vo1 - 85 / Pgs. 9436-9440 
(1988); and Connell et *i rn„*. ^ ■ 

1 er a1 ' Biotechniques , Vol. 5 

Pgs. 342-348 (1987). ' 

Both the chain termination and chemical 
degradation methods require the generation of one or 
more sets of labeled DNA fra™,™». 

of mr» * ^ fragments, i.e. nested sets 

of DNA fragments, each having « comnon origi „ and 

each terminating with a known base. The set or sets 

of fragments must then be separated by size to obtain 



WO 93/20236 



PCT/US93/0304K 



50 



10 



15 



20 



25 



30 



35 



sequence information. m botn methods, the DNA 

fragments are separated by high resolution gel 

electrophoresis. Usually, the DNA fragments are 

labelled by way of radioactive nucleoside 

» triphosphate precursors or by way of fluorescent 
dyes . 

The basic steps of the chain-termination 
approach to DNA sequencing are (l, providing an 
oUgonucleotide primer and a template nucleic acid 
■ containing, as a subsequence, a target nucleic acid 
whose sequence is to be determined, (2, hybridizing 
the oligonucleotide primer to the template nucleic 
acid, (3) extending the primer with a nucleic acid 
polymerase, e.g. T 7 DNA polymerase, Sequenase™ a 
reverse transcriptase, or the like, in . reaction 
mixture containing nucleoside triphosphate precursors 
and at least one chain terminating nucleotide to form 
« nested series of DNA fragment populations, such 
that every shorter DNA fragment is a subsequence of 
every longer DNA fragment and such that each DNA 
fragment of the same size terminates with the same 

TrZlT? n T I' nUCle ° tlde ' <*> operating the DNA 
fragment populations according to size, and (5, 

identifying the chain-terminating nucleotide 
associated with each DNA fragment population. 

The details of each of the above steps varies 
according to several factors well known in the art, 
including the nature of the labelling means for 
identifying the different chain-terminating 
nucleotides, the means for separating the different 
DNA fragment populations, the manner in which the 
template nucleic acid is provided for the 
hybridization step, and the like. For exampie, if 
the DNA fragment populations are identified by 
fluorescent dyes attached to primers, then four 
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different primers are provided, each having a 
different fluorescent label, and the primers are 
extended in four separate reaction mixtures 
corresponding to the four different chain-terminating 
nucleotides, or, if the DNA fragment populations are 
identified by the incorporation of radioactively 
labelled nucleoside triphosphates during the 
extension step, then the step of extending usually 
includes four separate reaction mixtures each 
containing a different chain-terminating nucleotide 
and the step of separating usually includes 
separating the DNA fragment populations of each 
reaction mixture separately according to size. 
Generally, the references cited in the second 
paragraph of the Background section disclose the 
steps of DNA sequencing and their important 
variations. Accordingly, these references are 
incorporated by reference. 

Preferably, the different DNA fragment 
populations are identified by fluorescent dyes 
attached to the chain-terminating nucleotides. 
Accordingly, in the method of the invention a primer 
is extended by a DNA polymerase in a reaction mixture 
containing the four l-thiotriphosphate analogs of 
ATP, CTP, GTP, and TTP, and four chain-terminating 
nucleotides, each labelled with a different member of 
a set of spectrally resolvable fluorescent dyes, e g 
as disclosed by Fung et al, U.S. patent 4,855,225; 
Prober et al (cited above); or the like. 

A template is provided in accordance with the 
teachings in the art, e.g. Technical Manual for Model 
370A DNA Sequencer (Applied Biosystems, inc., Foster 
City, CA) . For example, the target sequence may be 
inserted into a suitable cloning vector, such as the 
replicative form of an M 13 cloning vector, which is 
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then propagated to am D iif v <->, 

«» target se^.nce.™^^ « of 
^ isolated for use as "V 9 stranded for- of M13 

t-Plate can be provIL iTl^T"^' * 
5 (PCR) as taught in y ll?l™ r * S ' = ha - 

•1. (cited above,; „ iason et ai B^ot ! ' • ^ " 
3, Pgs. 18 4-i 89 (1990) . t ^ 1 ' ="techn lgue s, vol. 

v °l- 7, p gs . 700 . 708 „ .J"""*""' Bl °techn igU e s , 

amplification, the te» P ia t 'can b ^ 

° >°^~i"tion rea=tion ( sTeit h er in^r ^ 

attached to a solid phase supp ort e *— « 

"ahl et al, Hucleic Acids R e sea r=h ! ' , " ***** by 

3025-3038 ( 19..„ „ uitaan £~ ^ W. 

Research, vol 17 „ ' Huclei = Acids 

-> 11*.. P9S - 49 "-< 9 « (»89), or the 

Primers for the method of • 
«n be synthesized on . invention either 

«n be Purchased aioL j™' 1 "* ^""^ ~ 
a^Piification and/or se^en ^ 
States Biochemical Corporation """^ 
Ciontech (Palo Alto, cl, " t h e «> . 

hybridi 2 ing the primer o"he tel^: *" ° f 
disclosed in the cited re f tenplate " fully 

-ailed -iaance fra^"' " MCh ~ 

embodiment of the present L V e nt "on "* 

Kits of the invention ~ 
-re primers coneistL, of o„ e " " « 
oligonucleotides conjugated! 
*«ferably, the oligLIcWil 3 P ° lyaer Chain - 
-tveen 16 and 25 nl^t ^ 3 " 

nu" e^ y \SL:; ha t *«- — - 

four nucleoside tri»h„ f" CUrsor »" consists of the 
m one embodiment t P he f a r *» • >»«er. 

Precursor mix Bay \i so ""^f^ '^Phosphate 

ay also include one or more chain 
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gating nucl eotides. Alternatiye 

terminating nucleotides may be seoarato „ 

the kit separate components of 

the kit Preferably, kits further include a nucleic 

5 ITT 6 3 reaCti ° n bU " er 

out the polymerase reaction. Nucleic acid 

polymerases include DNA polymerases, rna polymerases 
and reverse transcriptases, and the like ^"^^ 
Preferably, kits include a DNA polymerase, e a Tea 

u' J t ^^enase, as disclosed by Tabor et al 
O.S patents 4,962,020; 4,79 5 , 69 9; 4,942,230; 

4,984,372; and 4,921,794. 

and /"J ^ emb ° dinent ' kits mclod. a single primer 
and a dye-terminator mix as components. The 
dye-terminator mix contains the four 
chain-terminating nucleotides each l»h„n * • 
different fluorescent dye Z° t * * ^ * 

resolvable. Preferably ^ P " y Wt»lly 

y ' tte ^am-terminating 
nucleotides are dideoxynucleoside triphosphates r„ 
one aspect of this embodiment .„,* P na tes. i„ 

triphosnhat. oai »ent, each dideoxynucleoside 

riphosphate ls separately labelled with a dye 
selected from the set comprising 5- and 
6-carboxyfluorescein, 5- and 

ZTTIV ' 7 ~ diChl0rOf 1U — in . 2 , , 7 , -di m ethoxy-5- 

and 6-carboxy- 4 , 7-dichlorof luorescein 

2 ' , 7 ' -dimethoxy-4 ' , 5 ' -dichloro-5- and 

6 -carboxyf luorescein , 

2 ' , 7 ' -dimethoxy-4 > , 5 ' -dichloro-5- and 

6-carboxy-4 , 7-dichlorof luorescein 

l',2',7',8'-dibenzo-5- and 

6-carboxy-4 , 7-dichlorof luorescein, 

1 ' , 2 ' , 7 > , 8 • -dibenzo-4 ' , 5 ' -dichloro-5- and 

TnTTlV ' 7 - diChl ° r0f *in, 2 ' . 

and -carboxy-4 , 7-dichlorof luorescein, and 

2 ,4',5',7'-tetraehloro-5- and 
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6-carboxy-4 , 7-dichlorof luorescein. The 
above-mentioned dyes are disclosed foll 

Hobb, Jr. U.S. patent 4,997,928; rung et al us 
« Patent 4,355,225; and Menchen et al f pct ItZ i- 

ayes as taught by Bergot et al pct 
application US90/05565. ' 

10 separa I te a L altern " iVe "t. include four 

separate pnmers that are each labelled with a 

Afferent, spectrally resolvable, fluorescent dye 
e.g. as taught by Fung et al (clted ab£>ve) _ dye ' 

15 F - Probe r ap t-» rr 

Another general embodiment, illustrated in 
Figures 20A - 20 C, involves probfi an / r ^ 

fro, an ^ obUi2ed ^ polynucl 

20A shows the addition of a pluralitv of „ I 
■■0 as probes 240-24* t o a targe! pS^^S^ ~* 

c a ln a lff er nt-seguence regions of intent, 

s *y and R„. 240; 
representative, inc i U des a binding poller 250 a 

5 dI s r r , Chain " 2 WhlCh t0 «^probe \ 

ZTlT* 0t Ch ^^»"^«ional fri t Lnal 

c^aln t " P ° rter " 4 atta ° hed *» ^e poller 
otaia. in the embodiment shown, each dif ferelt- 

seguence probe has a different length polymer ch ain 
for achieving the dic^„„<.- J-yaier chain 

' fictional drag ratio ^ Cl ™«-^ional 
The probes are reacted with the target 
polynucleotide under hybridization conditions as 
above. In the method illustrated in Figure 2 OA 
probes 240, 242, a „d 246 each hybridi^ith a 
complementary seguence in regions R„ Rj , and R , 
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respectively, of the target polynucleotide, it is 
assumed in this example that the target 
polynucleotide does not contain a region 
complementary to probe 244, leaving this probe 
5 unbound . 

The target and hybridized probes are then 
treated to immobilize the target polynucleotide. 
This is done in the present example by adding a solid 
support 260 derivatized with an oligonucleotide probe 
262 which is complementary to a region R, of the 
target polynucleotide, thus binding the target to the 
solid support, as indicated in Figure 2 0B. The 
support and attached target and probes are now washed 
to remove non-specif ically bound probes, such as 
15 probe 244. 

In the final treating step, the washed solid 
support mixture is denatured to release bound probes, 
such as probes 240, 242, and 246, and these probes 
are then fractionated by electrophoresis in a non- 
20 sieving medium, to identify target sequences, on the 
basis of distinctive electrophoretic positions of the 
fractionated, labeled probes. 

From the foregoing, it will be appreciated 
how various objects and features of the invention are 
met. The method allows a plurality of target 
sequences to be assayed in a single-assay format, 
with. rapid identification of sequences according to 
the migration distances (migration rates) of 
30 different-length polymer chains associated with 
sequence-specific labeled probes. 

The polymer chains allow for separation of 
charged binding molecules, such as oligonucleotides, 
in a simple electrophoresis method which does not 
require a sieving matrix, m particular, this CE 
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fractionation method allows for effective 
fractionation of a plurality of oligonucleotides, all 
of which have similar or identical sizes. One 
advantage of this feature is that the plural probes 
» used in the method can all have similar or the same 
sizes, and thus can be hybridized with target 
sequences with about the same hybridization kinetics 
and thermodynamics (T ) . 

The probes of the invention can be readily 
synthesized by conventional solid-phase methods, m 
one method, a polymer chain of a selected number of 
units can be formed directly on an oligonucleotide, 
by conventional solid-phase synthesis methods. 

The following examples describe various aspects 
of making and using polymer-chain probes. The 
examples are intended to illustrate, but not limit 
the scope of the invention. 

Materia 1c 

Hexaethylene glycol, 4 , 4 ' -dimethoxytrity 1 
chloride, triethylamine, diisopropylethylamine, 
acetic acid, pyridine, methanesulf onyl chloride 
sodium hydride, 2-cyanoethyl-N,N,N' , N'- 
tetraisopropylphosphorodiamidite were obtained from 
Aldrich, Milwaukee, wi. Diisopropylamine tetrazole 
salt, FAM-NHS/DMSO JOE-NHS/DMSO and TAMRA-NHS /DMSO 
were obtained from Applied Biosystems (ABI, , Foster 
City, CA. LAN . (Linker Arm Nucleotide) 5-dimethoxyl- 

trityl-5-(N-(7-trifluoroacetylaminoheptyl,-3- 
acry lamide, - 2 < -deoxyuridine-3 ' -phosphoramidite was 
obtained from Molecular Biosystems, Inc., San Diego 

CA. ' 

Sephadex G-25M PD-10 columns were obtained from 
Pharmacia, Uppsala, Sweden. Derivatized 
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oligonucleotides were LC purified using an ABI RP-3 00 
(C8) column (4.6 x 220 mm) using a flow rate of 1.5 
ml/min and a gradient of 0.1 M 

triethylammoniumacetate/water pH 7.0 and 
5 acetonitrile. 

DNA synthesizer: 3 8 OB, ABI, Foster City, CA. 
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Examp 1 e 1 
Synthesis of fHEO\ T Chain* 

10 The reactions described in this example are 

illustrated in Figure 2 and are similar to those of 
Cload arid Schepartz. 

A. Dimethoxytrityl (DMT) -protected hexaethylene 
oxide (HEO) 

15 27.0 gm (95.6 mmol) of HEO was dissolved in 100 

ml pyridine. To this solution at room temperature 
was added a solution of 27.0 gm (79.7 mmol) of 
dimethoxytrityl chloride in 150 ml pyridine over 10 
hr. The reaction was stirred at room temperature 
overnight (15 hr.) The solvent was removed in vacuo 
and the residue was brought up in 150 ml EtOAc and 
100 ml HjO, 2 x 100 ml brine and the organic layer 
was dried over Na 2 so 4 . The solvent was removed to 
give a dark orange oil (38.36 gm) . The crude 
material was purified by silica gel chromatography 
using 200 gm kiesel gel 60 and eluting with 2% 
methanol -methylene chloride (silica gel was basified 
with triethylamine) . Appropriate fractions were 
combined to give 29.52 gm (50.49 mmol) of compound 1. 
3 0 Analysis of the DMT-protected HEO (compound l in 
Figure 2) showed: 

1 HNMR (300 MHz CDC1 3 ) *7.5-6.8 (mult., 13H aromatic), 
3.75 (S, 6H, OCH3), 3.6 (20H, mult., OC^-CHjO) , 3.5 
(2H, mult., CHj-OH), 3.2 (2H, t, CHjODMT) . 
35 B. DMT-Protect HEO Phosphoramidite 
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1 gm (1.7 mmol) of DMT-protected HEO from 
Example ia above and 0.029 g (0.17 mmol) of tetrazole 
dusopropyl ammonium salt were dissolved in 10 ml 
methylene chloride under inert atmosphere. To this 
was added 0.59 gm of 2-cyanoethyl tetraisopropyl 
phosphordiamidite, and the mixture was stirred 
overnight at room temperature. The reaction mixture 
was washed with a saturated solution of NaHC0 3/ brine 
and dried over Na 2 S0 4 . The solvent was removed to 
give 1.58 gm crude oil, and the product was purified 
by flash chromatography through silica gel and eluted 
with 50% EtOAc-hexane (silica gel was basified with 
tnethylamine) . 0 .8 gm (1.3 mmol) of purified 
phosphor amidite (compound 2 in Figure 2) was 
recovered. 

C DMT-protected HEO methanesulf onate (mesylate) 

In 100 ml methylene chloride was dissolved 10 4 
gm (17.8 mmol) of DMT-protected HEO from Example 1A 
above. The solution was ice cooled and 4.59 gm (35 6 
mmol) of diisopropylethylamine was added, followed by 
the addition of 2.06 g (26.7 mmol) methanesulf onyl 
chloride. The reaction mixture was stirred for 30 
minutes and then washed with a saturated solution of 
NaHC0 3 , brine and dried over Na 2 S0 4 . The solvent was 
removed in vacuo to give 11.93 gm of the mesylate 
(compound 3 in Figure 2) . 
D. DMT-protected HEO dimer 

To a suspension of 0.62 gm (26.9 mmol) of sodium 
hydride in 150 ml freshly distilled tetrahydrofuran 
at 10«C was added 10.14 gm (36.0 mmol) of 
hexaethylene glycol over 1 minute, and the mixture 
was stirred for at room temperature for 30 minutes 
To this was added a solution of 11.93 gm (17.9 mmol) 
of HEO mesylate from Example ic above in 50 ml 
tetrahydrofuran. The reaction mixture was warmed to 
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40-sooc for 3 hours, after which the solvent was 
removed in vacuo and the residue was brought up in 
150 ml of methylene chloride. This was washed with 3 
x 100 ml 11,0, brine and dried over Na 2 so 4 . The 
5 solvent was removed in vacuo to give a crude oil 
(13.37 go), which was purified by silica gel 
chromatography as in Example 1A above. 10.0 gm of 
the DMT-protected HEO dimer (11.8 mmol) was 
recovered. Analysis of the material (compound 4 in 
10 Figure 2) showed: 

'HNMR (300 MHz CDC1 3 ) S7.5-6.8 (mult., 13H 
aromatic), 3.75 (S, 6H, 0CH 3 ) , 3.6 (20H, mult., OCH,- 
CH.O), 3.5 (2H, mult., CH.-OH), 3.2 (2H, t, CHjODMT) . 

E. Phosphoramidite of the DMT-protected HEO dimer 
15 (Compound 5 in Figure 2). 

1 gm (i.i7 mmol) of DMT-protected HEO dimer from 
Example id and 20 mg (0.12 mmol) of tetrazole 
dusopropyl ammonium salt were dissolved in 10 ml 
methylene chloride under inert atmosphere. To this 
-0 at room temperature was added 0.409 gm (1.35 mmol) of 
2-cyanoethyl tetraisopropyl phosphordiamidite . After 
15 hr., the reaction was washed with saturated 
NaHC0 3 , brine and dried over Na^o,. The solvent was 
removed in vacuo to give crude oil (i. 44 ^ , wnich 
was purified by flash chromatography as in Example 
IB. 0.76 gm (0.73 mmol) of purified product was 
recovered. Analysis of the purified material 
(compound 5 in Figure 2) showed: 

3, P-NMR (CD 3 CN, H decoupled): *151 (s) . 

Example •> 

Synthesis ^ (HFQ) L , chain* li,^ K y 
Bisurefrhar^ *-~i v i Grn „p e 

The reactions described in this Example are 
35 illustrated in Figure 3. 
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Hexaethylene glycol (10.0 ml) was added dropwise 
to tolylene-2,4-diisocyanate (TDC) (17.0 ml) under 
argon at 3 0-3 5 °C. An ice bath was used to control 
the exothermic reaction. The reaction was allowed to 
5 stand at room temperature overnight; washed with hot 
hexane (lOx) to remove excess diisocyanate; and 
concentrated under reduced pressure to yield the 
crude bisisocyanate product (compound 6, Figure 3) as 
an amber oil (30 g) . 

10 • A solution of the above crude bisisocyanate (2.3 

g) and hexaethylene glycol (7.0 ml) in 
dichloromethane (25 ml) was stirred at room 
temperature for 1 hour and then dibutyltindilaurate 
(0.1 ml, Aldrich) was added and stirred at room 

15 temperature for 22 hours; diluted with 

dichloromethane and washed with water (4 x 2 0 ml) ; 
dried (MgS04) ; and concentrated under reduced 
pressure to give the crude diol product (compound 7, 
Figure 3) as an amber oil (4.6 g) . 

20 A solution of DMT chloride (1.2 g) in 

dichloromethane (20 ml) was added dropwise over 2 
hours under argon at room temper a ture to a stirred 
solution of the above crude diol (4.4 g) and 
triethylamine (0.6 ml, Aldrich) in dichloromethane 

25 (25 ml) . The reaction solution was stirred at room 
temperature for 2 hours and washed with water; dried 
(MgS04) ; and concentrated under reduced pressure to 
give the crude DMT alcohol product as an amber oil 
(5.1 g) . Column chromatography (triethylamine 

30 neutralized silica, 5% methanol/dichloromethane) of 
the crude DMT alcohol gave the purified DMT alcohol 
(compound 8, Figure 3) as a viscous amber oil (0.72 
g) . Analysis of the compound showed: 1H NMR/CDC1 3 : 
56.7-7.5 (m, ArH, 19H) , 54.3 (m, NC(0)0CH2, 8H) , 
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63.77 (s, CH30, 6H) , <S3.55-3.75 (m, CH20CH2, 62H) 
S3. 2 (t, DMTOCH2, 2H) , 52.15 (m, CH3AT , 6H) . 

2 -Cyanoethy 1-N , N , N- , N- 
tetraisopropylphosphorodiamidite (0.20 ml) was added 
5 under argon at room temperature to a stirred solution 
of the above purified DMT alcohol and tetrazole- 
diisopropylamine salt (12 mg) in dry dichloromethane 
(5 ml) . After stirring at room temperature for 4 
hours, NaHC03 solution as added and stirred for 40 
10 minutes. The dichloromethane layer was diluted with 
more dichloromethane and washed with brine; dried 
(MgS04); and concentrated under reduced pressure to 
give the crude phosphoramidite product (compound 9 
Figure 3) as an amber oil (0.88 g) . 3« p ^ ( ' 
15 151 ppm. 3 ' 
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Examol p ? 

Derivatization of 01inonnc1 P .nHH OC ,.,^ h PRn rha<He 
The reactions described in Sections B and c are 
illustrated in Figures 4A and 4B, respectively. 
A. Preparation of Oligonucleotide 

A 48-base oligonucleotide having the sequence 
5 ' GCACCATTAAAGAAAATATCATCTTTGGTGTTTCCTATGATGAATATA 

carboxyf luorescein-3 > (composition 10 in Figure 4A) 
was prepared using a 3 '-linked carboxyf luorescein 
polystyrene support (Applied Biosystems, Inc.) or can 
be prepared using 3'-Amine-ON (oligonucleotide) CPG 
(Clontech, Palo Alto, CA) and Tm . ms (ABJ) according 
to published methods (Applied Biosystems, Caruthers, 
connell) and standard phosphoramidite chemistry on an 

Applied Biosystems 380B DNA Synthesizer. 

B. Oligonucleotide Derivatized with PEO Chain 

The support-bound oligonucleotide from Example 

3A above (0.1 Mmol oligonucleotide) was deprotected 

by reaction with trichloroacetic acid, washed, then 
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reacted with one of the phosphoramidite-PEO polymers 
as xn Example i , using . stamJard DNA synthesis 

cycle. The embodiment shown in Figure 4 A is with 
polymer chain with 12 ethylene oxide subunits. The 
aer.vatxzed oligonucleotide (Compound 11 in Figure 

the W " 1 Cl r Ved °" tte «*»» trityl on, and 

the collected product (compound 12 in Figure 4A> was 

300 (c-8) 4.6 x 220 mm column and a o.lM 
tnethylammonium acetate-water and acetonitrile 
solvent system. The derivat-s • 
eK aeravatized oligonucleotide is 

shown as compound 12 in Figure 4A. 

C Oligonucleotide derivati 7oh t.,,-*.^ w 
tolyl-i ink ed PEo chain. —ethane 

The support-bound oligonucleotide from Example 
3A above (0 . a „ nol oligonucleotide, (Compound 10 
Pxgure «) was reacted with a phosphoramidite-PEO 
bxsurethane tolyl-ii^a polyner preparefl as 

Example 2 using a standard DNA synthesis cycle. (The 
tolyl-lmfced polymer indicated by subunit Lucture 
DHT-HEO-Tol-HEO-Tol-HEO in Figure 4B corresponds" 
Compound 9 i„ F igure 3) . The derlvati2e<J 

oligonucleotide (compound 13 in Figure 4B, was 
cleaved off the column and deprotected with trityl 
on, and purxfied by liquid chromatography, using an 

AM RP-300 (C-8) 4.6 X 220 ™, , 9 

. . . ' 6 * 220 column and a O.lM 

trxethylammonium acetate-water and acetonitrile 
solvent system. The collected product was 
deprotected with acetic acid. The derivatized 
oligonucleotide is shown as compound 14 in Figure 4B 



Example a 
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The reaction steps described in this Example are 
illustrated in Figure 5. 
A. FAM-labeled Oligonucleotide 

A 26 base oligonucleotide having the sequence 5' 
TTG GTG TTT CCT ATG ATG AAT ATA-LAN-T3 ' was made on 

an ABI model 3 8 OB DNA synthesizer using standard 
phosphoramidite chemistry (composition 15 in Figure 
5) . LAN is a base modified deoxyuridine 
phosphoramidite (Molecular Biosystems Inc.) with a 
TFA protected amine. The 26 mer was made from a l jan 
column using trityl on manual protocol after 
completion of synthesis. The column material was 
divided into 10 separate 0.1 jtmol columns. 

All of the subsequent oligos were cleaved off 
15 the support with NH 4 OH and purified first by HPLC 

using an ABI RP-300 (c-8) column (4.6 x 220 mm) using 
a flow rate of 1.5 ml/min. and a solvent gradient of 
0.1 M triethylammonium acetate-water pH 7.0 and 
acetonitrile, then after the specific modifications 
20 described below, the trityl is removed and the 

product were isolated by HPLC using the conditions 
described above. 

The cleaved oligonucleotides were labeled with 
FAM by adding a solution of the amine-labeled 26 mer 

25 with 15 ftl of FAM«NHS in DMSO (ABI) and 40 fil of 1M 
NaHC0 3 /Na 2 C0 3 pH 9.0. After 2 hours the reaction 
mixtures were passed through a Pharmacia PD-10 
Sephadex G25M column (Pharmacia) and the collected 
samples were then HPLC purified. After removal of 

30 the solvent the samples are detritylated with 80% 

acetic acid-water. The solvent was then removed in 
vacuo and the residue was brought up in 0.5 ml Hp 
and is LC purified. 
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B. FAM Labeled PEO-Derivatized Oligonucleotides 
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DMT-protected phosphoramidite HEO units from 

ExaZi 1 ! T, r e added t0 5 ' end ° f the oligo fro, 
Example 4A by standard phosphoramid . te chem . s 

solid support, yielding the composition 16 in Figure 
5. one to four units were added on in separate 
reactions. The resulting HEO modified oligos were 
c eaved from the solid support (Compound 17, Figure 
5) as above, and labeled with FAM and purified 

(Compound 18, Figure 51 a i-« ^ 

gure 5), also as described above. 

- PE0-Derivati 2 ed Oligonucleotides 

A 25 base oligonucleotide having the sequence 5' 
CCC ACC ATT AAA GAA AAT ATC ATC T 3 ' was made as 
described in Example 4A . DMT-protected 
Phosphoramidite HEO units were added to the 5' end of 
this 25 mer and purified as described in Example 4B. 

Examp le c; 
Conjuga tion n-F a p ent 4 Ho . _ . 

soli/ ° lig ° nuclsoti ^ «■ synthesized on cpg 

sol ld support with an ABI DNA synthesizer. To the I 
hydroxy! of the CPG supported oligonucleotide was 
added N-MMT-C, Amino Mo di f i er using standard 
phosphoramidite chemistry. This is a 
monomethoxytrityl protected amino linked 
Phosphoramidite which is commercially available from 
Clontech Laboratories, Palo Alto, CA. The 
monometho^rityl group vas removed using a standard 

DNA ^ 96 Pr ° t0C01 0 " 8 DNA ^hesizer and the 
DNA syntheses column was then placed on an ABI 

Peptide synthesizer capable of performing FHOC 
chemistry. Ds ing standard rmc peptide synthesis 
protocols, a four and an eight unit amino acid 
peptide was conjugated onto the 5-terminal amine of 
the cpg supported oligonucleotide. After completion 
of the synthesis, the terminal amine of the pe^de 
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was acetylated using a standard peptide capping 
protocol . 

The synthesis column was then placed onto an ABI 
DNA synthesizer and the peptide-oligonucleotide was 
cleaved off the support and purified by HPLC using 
the conditions as previously described to produce the 
peptide-oligonucleotides Ac (Phe-Ala 2 OT 4 -nh(CHj) 6 - 
phosphate 5' GGC ACC ATT AAA GAA-AAT ATC ATC T-3 ' . 
Ligation of the peptide-oligonucleotide to a 
fluorescent-labeled oligonucleotide in the presence 
of an oligonucleotide target was performed as 
described in Example 7A. CE analysis is shown in 
Figure 9. 
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Example 6 

Capillary El Pr.f roohorpti r. Senaraf^n of Vrnh^ 

Capillary electrophoresis (CE) was carried out 
using a CE breadboard including a laser-based 
detector. The system includes a high-voltage power 
supply, a manual vacuum pump, and a PMT detector with 
a 530 nm RDF filter on the detected light. The laser 
was a 40 mW Ar ion laser. The capillary tube used in 
the system was a fused silica capillary tube 55 cm 
long with a 50 m i.d. and 350 //m. 
j 25 The grounded cathodic reservoir and the anodic 

J reservoirs were filled with 75 mM tris-phosphate , pH 

* 7.6, containing 8 M urea . 

A DNA mixture containing the four 26 mer 
oligonucleotides derivatized with 0, l, 2, or 4 
phosphate-linked HEO units, prepared as in Example 4, 
was diluted with 89 mM tris-borate buffer, pH 7.6, to 
a final DNA concentration of about lO" 8 M. About 2 
nanoliters of the DNA solution was drawn into the 
cathodic end of the tube by electrokinetic injection. 
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The electrophoretic system was run at a voltage 
setting of about 15 kV (about 270 V/cm) throughout 
the run. Fluorescence detection was at 530 nm. The 
detector output signal was integrated and plotted on 
an HP Model 3 39 6A integrator/plotter. 

The electropherogram obtained is shown in Figure 
6. The numbers above the major peaks are 
electrophoresis times, in minutes. Total run time 
was about 22 minutes. The fastest-running peak, 
having a run time of 20.397 minutes, corresponds to 
the underivatized oligonucleotide. The 
oligonucleotides with 1, 2, and 4 HEO groups have 
migration peak times of 20.612, 20.994, and 21.558, 
respectively . 



Example 7 

Template Derived P^ b es anrt ft o ctronh n-rot- ^ 
Separation 

A. Ligation of Probe Elements 

A first probe having the sequence 

5' GGC ACC ATT AAA GAA AAT ATC ATC T-3' was 

derivatized with a either a tetrapeptide Phe-Ala-Phe- 
Ala, or an octapeptide Phe-Ala-Phe-Ala-Phe-Ala-Phe- 
Ala according to methods given in Example 5. a 
25 second probe having the sequence 

5 ' P-TTG GTG TTT CCT ATG ATG AAT ATA G JOE 3' was 

prepared by standard methods. 

The probes were targeted against a 4 8 -base 
oligonucleotide representing the F508 region of the 
cystic fibrosis gene. Probe hybridization to the 
target and ligation of the hybridized probes was 
performed substantially as follows: 

Peptide-derivatized oligonucleotide (50 nM, 20 
Ml) , and the fluorescence-labeled oligonucleotide (50 
nM, 20 fil) were mixed with target oligonucleotide (50 
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20 Ml) ; salmon sperm dna 
-action buffer (ioo^^™ 20 ^ 10 X 
«gci 2 ; 100 mM dithiothr^ T # ' 1 M KC1; 100 

adeninedinucletide, (2o " ° V 10 n ^°tinamide- 

5 i n : ts//41 - ^ o^Zif units - 100 

WI) and 100 of distilled l ter Th aS6 ' MadiS ° n ' 

sample was overlayed with so i pre P«e<* 

a Perkin-Elmer Cetus DNA The ™\ in 

at 9 ^C for 3 minutes and th (NOrWalk ' <*) 

0 minutes. then at «2 -c for 60 

B - Capin ary Electrophoretir c 

a Non-Sieving Medium ^ration of Probes in 

A released ligated 

^=ve „ as ethanol preciD1 "V! n " Ug " ed Pr ° be fr °* 
electrophoresis in . „™ " d analv *ed by CE 

capillary tube „ as a T? 1 "*" The 
Scientific, Folsom, - 5 -««e d capi Uary (Ji „ 

^tector. The cepin^ ** " l0n9 ' 40 - to 

surfactant solution p"L " ith * »•» 
"nder the = ap iu ary wa * *° ele «rophoresis to 
variety of surfactalj h ^°Philic. A 

ieff^ine class ^ - a nd TWB^ 

Purpose. 7 are available for this 

A 10 ni sample, hea-i-^ 
— drawn lnto tte ^ 1*° '« 2 »^tes, 

electrophoresis »ediu» ™ e * u «er aediua and 
bu«er, p H s.o, e « urea 10 \ ? ~ ari -*»<*»t. 
Slectrophoretic run condition, ' Me ° H - 
Staple 6 . The electro! " ies "^ in 

Figure - xeetr< V>erograB results ar. 

xgure °, discussed above. TO ln 



WO 93/20236 



PCT/US93/03048 



10 



15 



20 



25 



30 



35 



68 

(1) 5' GGC ACC ATT AAA GAA AAT ATC ATC T-3 ' 

derivatized at its 5' end with a either a 2 or 4 unit 
DEO (dodecyl ethylene oxide) polymer chains, 
according to synthetic methods described in Example 
• 4, except in this case the units are i 2 mers (2 or 4 
12mers) of ethylene oxide; 

(2) 5' P-TTG GTG TTT CCT A.TG ATG AAT ATA G 3 '-JOE 

prepared as in Example 7. 

(3) 5' ROX-CTA TAT TCA TCA TAG GAA ACA CCA AA 3 -OH 
prepared according to published methods (Applied ' 
Biosystems) ; and 

(4) 5'-P-GAT GAT ATT TTC TTT AAT GGT GCC-3 > TAMRA 
prepared with 3-Amine-ON CPG, 5 ' -Phosphate-ON and 
Tamra-NHS (ABI) using published methods (Applied 
Biosystems, Caruthers, Connell) . 

Probes 1 and 2 are designed to span a portion of 
one strand of the F508 region of the cystic fibrosis 
gene, as m Example 7. Probes 3 and 4 are designed 
to span the same portion of the F508 region of the 
opposite strand of the gene. Ligase chain reaction 
was performed according to published methods (Winn- 
Deen) . Briefly, LCR assays were carried out in 20 
»ol/L Tris.HCl buffer, p H 7.6, containing 100 mmol 
of K , io mmol of Mg - 10 of dithiothreitol , 1 

*L of Triton x-ioo, and l mmol of NAD* per liter 
Each loo /*L of reaction mixture contained 1 pmol of 
each of the four oligonucleotides and 15 u of 
thermal-stable ligase (Epicentre Technologies, 
Madison, Wi) . To nimic thfi conplexity Qf ^ 

genome, we added 4 „ g of herring sperm dna to each 
reaction mixture. Reactions were carried out in ico- 

aliguots overlayed with loo /*L of mineral oil in 
Thin Walled Gene-Amp~ (P erkin -Elmer Cetus, NorwaDc, 
CT) reaction tubes. All Tn> 

_ , . A±1 LCR reactions were run in a 

Perkm-Elmer Cetus model Q«nn 

moaei 9600 thermal cycler for 30 
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ZTcl? 94 ' C U0S> 6 °° C <2 "*»>• " «- end of 

the cycling protocol, the reactions were cooled to 
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» by CE elect ! WaS . ethan01 ""Stated and analyzed 
~n in 3 n ° n - si -i'>9 -trlx. The 

capiUary tube was a coated capillary, as in Example 
A 10 M l sample, heated to 95-c for 2 minutes, was 
drawn into the tube. The buffer medium and 
electrophoresis medium was a 75 m« Tris-phosphate 
buffer, p H s.o, 8 M urea, io% (v/v) MeOH 

E«lT P r retiC C ° nditions «~ as described in 

PiZ i ' d! eleCtr ° Phe ^-» ~-lt. are shown in 
ragure 11, discussed above. 

Example q 

is J -^-"9 i" accordance with the invention 

chain ^ Pr ° Viding bindi "' Po^er/polymer 

chain conjugates as sequencing primers in the 

standard chain termination approach to DNA 
IZITTI' PreferaM ^ «» ~»e polymer chain is 

ll^T bindin9 P ° lyner t0 ^r 

seguencng. After annealing tQ , ^ 

™A the primers are extended with a polymerase in 
the presence of nucleoside triphosphate precursors 

sets C o n if T in : tin9 nUCle ° tide t0 fOT » « — 

Tabet^ T labeled ° r ^ terminators are 

labeled. The DNA fragments each have a common 

origin— the binding polymer *«,<„.* 
base »r.* ■ terminate with a known 

ZllL -^-tically conjugated to the same 

polymer chain. The DNA f ra »,.., • 

are th=„ , fragments in each of the sets 

are then electrophoretically separated by size in a 
non-sievmg liquid medium. 
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in this example, the following 47-mer synthetic 

polynucleotide is employed as * • 

H yea as a sequencing template. 



5 ' -TCTATATTCATCATAGGAAACACCAATGATA 



TTTTCTTTAATGGTGC-3 ' 
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The following primer having an li-mer hexaethylene 
oxxde polymer chain is synthesized as described in 
Examples 1-4: 

5 ' - (HEO) ll-GCACCATTAAAGAAAATATCAT-3 ' 

Sequencing is carried out on an Applied Biosystems 
model 373 automated DNA sequencer using the 
manufacturer's protocol for sequencing reactions 
usmg dye-labelled chain terminating nucleotides, 
wxth the following exception, since the capillary 
separation apparatus of Example 7 is not configured 
for four color fluorescence measurements, four 
separate reactions are carried out: one for each of 
the four chain terminating nucleotides. After 
melting the extension products from the template in 
accordance with the manufacturer's protocol, the 
extension products of the four sequencing reactions 
are separately resolved by capillary electrophoresis 
as descrxbed in Example 7. As expected, two peaks 
are observed with the dideoxycytidine extension 
products, seven peaks are observed with the 
dideoxyadenosine extension products, ten peaks are 
observed with the dideoxythymidine extension 
products, and six peaks are observed with the 
dideoxyguanosine extension products. 



Although the invention has been described with 
reference to various applications, methods, and 
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compositions, it will be appreciated that vari 
changes and modification may be made without 
departing from the invention. 
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IT IS CLAIMED: 



30 



1. A method of distinguishing different-sequence 
polynucleotides electrophoretically in a non-sie^ng 
medium, comprising 

forming one or more different-sequence 
polynucleotide (s) , each niff. . 

containino / i \ ' d *««ent-seguence polynucleotide 

ITT? " deteCtable "P°"er label and (ii, an 

attached polymer chain which imparts to each different- 
sequence polynucleotide, a distinctive ratio of 
charge/translational frictional drag, 

fractionating said polynucleotide (s) by capillary 
electrophoresis in . non-sieving matrix, an I * * 

detecting the fractionated polynucleotide ( s) . 

cha lns have substantially the same lengths, and^aid 

^ POl ^°^> different 

3. The method of claim 2, for sequencing DNA by 
are foLe C d " ter " lnati0n ' Polynucleotides 

u^^Z^" priaer to which sa " 

4 . The method of claim 3 , wherein said different- 
sequence polynucleotides terminate at their 3-ends" th 
dldeoxynucleotides that are covalently labeled with 
spectrally resoivable dyes effective to distinguish the 

3 '-terminal nucleotide of each different-sequel 
polynucleotide. 



taroet'* Deth ° d ° f 0lai " X - f ° r aete =«"9 on. or more 

35 T i t S69UenCeS ln a —P1-. "herein said forming 
35 includes the steps of 
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Providing one or more dif fereni- 
each different-sequence probe ZlT ' 
reporter label and (ii) ° * * (±) * det ectable 

Mparts to each different * " P ° lyMr Chain whic » 

* distinctive ratio o^ZT^ P ° lynUci -tide, a 
drag, char 9e/translational frictional 

reacting said probe (s) with * 
under conditions effective to a n P ° lynucle °tide 

seguence-coapleaentarv « k ^ridization of 

n , ^J-ementary probe (s) with +. 

0 Polynucleotide, where the t a LL ^ ^ 
Mobilized on a solid * Polynucleotide is 

reacting, ^ SUPP ° rt bef ~* °r after said 

washing the immobilized target , 
remove probe (s) not bound to tZT P ° lynUCleotide to 
' a se ^«nce-specif ic manner and P ° lynucle °tide in 

^er^^ to release 

Polynucleotide ~ ^ f ^ ^ *> ^ — 
nucleotides for 

6. The method of claim k 

■~ have substa - ^ ti d ;^r- 

The method of claim i * 

t«get sequences in a sa„n,- ' detectin 9 °ne or more 

includes the steps of T a Z • " 

Polynucleotide one or moL ' * target 
Probe having first and seconTT^" l0 Pr0beS < each 
which are effective to hinTt/L 0li90nucl «°^ 
target sequence, and rt^T^t™ " 3 

Probe oligonucleotides is derivat- , * nd SeC ° nd 

<*ai». Ui> reacting the ^ZT^tT 
Polynucleotide under condi* • ^ target 

«rst and second probeTl ^ " tmetl " to "*» said 

their specific target s l 19 ° nUCle ° tideS in ~* ^ to 

rget sequences, (iii, llgatl sai(J 
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oligonucleotides bound to the target polynucleotide unde^ 
conditions effective to ligate the end subunits of 
target-bound oligonucleotides when their end subunits are 
base-paired with adjacent target bases, to for* ligated 
probe (s), and (iv) releasing the ligated probe (s) from 
the target polynucleotide to form said different-sequence 
polynucleotide (s) . 
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8. The method of claim 7, wherein said polymer 
cham is attached covalently to said first probe 
oligonucleotide, and each said second probe 
oligonucleotide is reporter-labeled. 

9. The method of claim 7, wherein prior to said 
releasing, said ligated probe (s) are amplified by 
repeated cycles of probe binding and ligation. 

10. The method of claim 7, wherein the second probe 
oligonucleotide in each probe includes two alternative- 
sequence oligonucleotides which (i) are complementary to 
alternative sequences in the same portion of an 
associated target sequence and (ii) are derivati 2 ed with 
different detectable reporters, and said detecting 
includes determining the mutation state of each said 
target sequence according to (a) a signature 
electrophoretic migration rate of each probe, which 
identifies the target sequence associated with that 
probe, and (b) a signature reporter moiety, which 
identifies the mutation state of that target sequence. 

11. The method of claim 1, for detecting one or 
acre target sequences in a sample, wherein said forming 
includes the steps of (i) adding to a target 
polynucleotide one or more sequence-specific probes, each 
probe having first and second sequence-specific primer 
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oligonucleotides „ hlch are eff k 
opposite end regions of „Jf hybridize with 

Polynucleotide s^L" r^^ ""^ «* ' **** 
Primer oligonucleotide in !! ! y ' ""^ the first 

5 a ^-peci f ic poi^r^t p ai: is derivati2ed " ith 

Prooe (s) vith ^ target ^ : «- 

effective to bind both primer „i i conditions 
opposite end real™* ^^nucleotides to 

target POlynucaeotide'nTMT^ ° f «» 

0 ■ segment,*, by pri^er-lnitlted" J* 11 * 1 "' ^ ^ 
to form a m pii fiea different POly " eraSe chai " "action 

erent-sequence polynucleotide (s, . 

12- The method of claim i, 
second priaer oligonucleotid! eaCh Sald 

"id different-sequence 1, "P^er-labeled, and 

stranded. ^ " pol >"> u oleotide(s, are double 

"eludes the steps of «, ^ * ^ fornln * 
Polynucleotide one or . * 3 tar ° et 

Probe containing a f irs ° I'T^T'^^ Pr ° bes ' 
a second segment vhich in=l ude !" DNA Se ^' — 

"herein the poller chain < Sln ' le -stranded rna, 
segment, and the detect ^ ^ " rst 

said second secant, Un LT" labSl * attaChe * *» 
*«get Polynucleoti .'"I the probe( s , 

with the 

s^d f irst and seco lda ™~ effective to bind 

sequences in tt e target D T SPSC " ic *arget 

hybridized probe with an ^ '"^ reacting 

RN4/DNA substrate to T Sp6Cif ic f °r 

lading the poller IT ZIT'' 
unmodified and edified label _ ' r8leaSin9 b ° th 
Polynucleotide to form said d ^ Pr ° be(S ' **" tte tar 9« 
Polynucleotide ( S ). dlff erent-seguence 
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14. A probe composition for use in detect «„ 
more of a plurality of different .J! detectl ^ °™ or 
•»o , anierent sequences in a taraet- 

polynucleotide, comprising 9 

a plurality of seguence-specif ic probes each 
5 characterized by a m^- 

. y ( J 3 blndln <3 polymer having a 
probe-specific sequence of subunits designed for 
base-specif ic binding of the polymer to one of the tar.et 

IZ27L Und6r Sel6Cted bindlng — itions, and ( b " 
10 9 "l : 0 T h bindin? P ° lyme - a — - -ain which 

ifferent from that of the binding polymer. 

-Powers thereof, lncluding polyMrs ^^^^ 
of multiple subunits n«Vor» u units 
20 Unking groups. * ° r ""barged 
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16. The composition of claim 14, wherein each 

probe f urther includes a 

LoId bLding pX^H; a"? ^ - 
effective to LV sequence-specific probe are 

" I to bind m a base-specific manner to adjacent 
and contiguous regions of a selected target sequence 
allowing ligation of the two k^- sequence, 
to the term.* - binding polymers when bound 

" ti0 ° f *arge /t r anslational frictio „ al ^ 

17. The composition of eiai» ^ 
c-^^,,^ . claim 14, wherein each 

se^ce specie probe further ^ 
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polymer, where the first-mentioned and second binding 
polymers in a sequence-specific probe are effective to 
bind in a base-specific manner to opposite end regions of 
opposite strands of a selected duplex target sequence, 
allowing primer initiated polymerization of the target 
regxon in each strand, and the polymer chain attached to 
the first binding polymer imparts to each polymerized 
region, a distinctive combined ratio of 
charge/translational frictional drag. 

18. The composition of claim 14, wherein each 
sequence-specific probe includes a binding polymer 
composed of a first single-stranded DNA segment and a 
second segment which includes single-stranded RNA, 
wherein a polymer chain is attached to said first 
segment, a detectable reporter is attached to said second 
segment, and each polymer chain imparts to the probe to 
which said polymer chain is attached, a distinctive ratio 
of charge/translational frictional drag. 
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